Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



Digitized b,G00glC 





OENEKAL LIBRARY 




tJNI\TSRSITY OF MICHIGAN 


■■»""" 


iDjiL..}ilAlL\\... 




■ 


al.ar.,5^,0 nil... 


.weo 






,i„ab.Gooi^le 



Entm. Libraiy 



lyGoogle 



Google 



Digiliz=db,V^OOQIC 



Jl~- 1- ■,»■/ 



'J REPORT 



JOINT COMMITTEE 



OOMORRNINO THK 



ASHTABULA BRIDGE DISASTER, 



JOINT RESOLUTION OF THE GENERAL AS8EMBLY. 



COLUMBUS. 

NBVINS & MYERS, STATE PRINTERS. 

1877. 



Digitized byGoOgIC 



Digitized b,G00glC 



REPORT OF THE JOINT COMMITTEE. 



On the I2th of January, 1877, the Legislature of Ohio adopted the 
following joint resolution : 

" Bctolved bji 1A« General Atiemblg qf Iht State of Ohio, That a joint committee be ap- , 
poioted, c«Il8iH^i^g of five on tLe part uf the Honse and three on '-he part of the Senate, 
to iuveatigat« Uie cauae or caanea of tlie receut accident 1>; the giving ana; of a l)iidg« 
on tbe Lake Shore road, at or near Aahtabula, on the evening of Friday, December '^9 
1B76, and which ivaa bo tliitastToiiit to hnuian lili) and propertj, aud to inqnire whethe 
any additional legislation is necesBary to render travel by rail moTe aecnre; and in orde^ 
that the invrHti^iafion may Ixv made thorough aiid complete, it be empowered to employ 
a abort-band reporter." 

The joint committee appointed in pursuaace of said resolution beg 
leave to report : 

The bridge was located on the Lake Shore Railroad,, near the town of 
Ashtabula, and over Ashtabula Creek. The chasm spanned by it is 
about one hundred and fifty feet wide by seventy deep. 

Your committee arrived at the scene of the accident January 16th. 
The purpose of the visit was to procure testimony in relation to the 
cause or causes producing such fearful consequences, and to enable them 
the better to understand the testimony which might be brought before 
the committee. 

The bridge went down on tbe night of the 29th of December, 1876. 
When your committee arrived, the railroad company bad just begun to 
remove the bridge pieces, and, on consultation, it was thought best, and 
your committee employed three engineers to take measurements and 
observations of the work, in company with and under the direction of a 
subcommittee of their own number. Tbe engineers — Messrs. fienjamin 
F. Bowen, John Graham, and Thomas H. Johnson — selected by the com- 
mittee are not connected with any railroad, reside at Columbus, Ohio, 
away from the line of the railroad on which tbe accident occurred, and 
are gentlemen of high standing in their profession. 

For a full aud accurate description of the structure and its several 
parts, your committee beg leave to refer to the report, statements, and 
calculations of said engineers herewith submitted. All of the reports of 
engineers made to your committee were made under oath. Your com- 
mittee also took the testimony of Mr. Stone, the President of the Lake 
Shore Railroad Company at the time of the construction of the bridge, 
and who was the projector of tbe bridge; also, of Charles Collins, the 
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engineer in charge of the railroad on that division during the last ten or 
eleven years, and who took his own life within a few houFB after hia tes- 
timony was taken ; Mr. Condon, the master mechanic who conatructed, 
and Mr. Rogere who erected, tlie structure; and alao G. D. Folaom, the 
locomotive engineer who went down with his engine in the wreck. The 
coroner's jury, with great courtesy, permitted rour coraroi ttee toexamine 
a part of the testimony taken before it, and we submit of that evidenc© 
the statements of engineers A. Gottleib, of the Keystone Bridge Company, 
and John I>. Crehore, of Cleveland, Ohio, and Joseph Tomlinson, who- 
made the original drawings for the bridge. All of the testinxiiiy and 
gtateroenta made to the committee are herewith submitted. 

From personal observations and calculations, and a patient and careful 
consideration of all the evidence within reach, your comn^ittee arrive ai 
and report the following cunclnsions: 

1. There' were- fron> eighty to one bandre<i IWea lost by the failure of 
the bridge. 

2. The bridge went down under an ordinary load by reason of defects' 
in its (wiginal construction. 

3. The defects in the original construction of the bridge could have 
hcen. discovered at any time after its erection by carefiU and analytical 
inspection, such as the importance of the structure denaanded, and thu# 
the sacrifice of life and property prevented. 

Among the several defects in theoriginalcon9tructionryourconxn>tttee 
would mention the following : 

The members composing each main brace were so constructed as to act 
separately, instead of acting as one member, thus reducing the carrying: 
capacity of the metai greatly below vrhai it could have curried m safety 
if it had been diSerently diapoeed. There should have been diagonals 
riveted to each member of the brace, or other suitable arrangement to- 
unite the members of each braee so that the brace would have formed a 
truss, and have acted as Mie member instead of several. No provision 
was made to prevent lateral buekling or bending of the braces. The' 
longer members were used in compression, and the shorter in tension. 
If the main braces and counters had been pennanently fastened together 
at their intersection, which they were not, that would have added greatly 
to the strength of the main brace. 

There was the same want of unity io the isembers composing theuppw 
chord as in the matin braces. No sufficient provision was made to iffeveat- 
it from lateral buckling. In fact, at that poiftt in the bridge which first' 
gave way, both the bracea and the top chord did buckle laterally. Only 
a part of the members comp ising the U],iper chord received the etraini 
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from the braces at each angle block or piinol point, and the lugs on the 
top of tne angle blocks, through which the strain was transmitted to the 
upper chord, it is believed were insufficient for that purpose. 

The lateral eystem between the lower chords was defective in this: 
the struts wore placed at ev«ry other panel point, and the tie-rods ex- 
tended across two panels, and, instead of being fastened at the ends of the 
struts, were fastened at alternate panel points, crossing each other at the 
middle of the strut- The sway braces were- too small and too infrequent 

The lateral system between the upper chords had the same defects as 
that between the lower chords, with this exception; the floor-beams had 
small lugs united to them, and they acted as struts. 

No provision was made for holding the memberscomprising the btaces 
in their places on the angle blocks, and your committee find that many 
of them were out of place before and at the time the bridge went down- 
The braces were greatly weakened by imperfect bearings and having 
their ends chipped off. 

A careful calculation showed that the bridge laid down under a load 
not greater than wae liable to be thrown upon it at any time in the ordi- 
nary and usual traffic over it. The south truss at the time of the acci- 
dent supported only 95 per cent, of the weight of the one train on the 
bridge. The bridge carritd a double track. It wae su designed, and 
trains did frequently meet on the bridge. There being but two trusses 
when trains met, each truss must carry the entire weight of one train ; 
and yet, with only 95 per cent, of the weight of the train on the south 
truss at the time of the accident, it gave way. A careful and imtient 
calculation of the strength of the brace at the point of failure (third 
panel point from the we^t end of the south truss), and of the strain upon 
it under that load, shows that it had a factor of safety of only one and 
six-tenths (1. 6.), when ordinary prudence and foresight required it to 
have a factor of safety of five ; and the upper chord from the third panel 
point to the centre of the bridge, numbering from west end, had a factor 
of safety at the several panel jtoints ranging from two (2) to one and two- 
tenths (1.2), instead of five. 

There was one weight upon the bridge which has been overlooked, and 
did not enter into the calculation of the engineers, as an inspection of 
their statements will show, namely, the enow on the bridge at the time 
of the accident. The proof shows twenty inches of snow on the ground. 
It is probable that much of the snow had blown off the bridge ; but what- 
ever weight of snow or ic© there was on the bridge would still furthei 
diminish the factor of safety in both the braces and upper chord. 

In these calculations no allowance has been made for oscillation, jar, or 
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Tibration under a rolling load, but the calculationa are made, and the 
factor of safety arrived at, aa if the load was quiescent. The truth is, the 
bridge was liable to go dowu at any time during the laat ten or eleven 
years under the loads that mistht at any time be brought upon it in the 
ordinary course of the company's bu^ioess, and it is most remarkable 
that it did not sooner occur. 

It would be needless to say that any engineer would be derelict in his 
duty who did not provide in the construction of a bridge against wind, 
enow, ice, and the vibration of a rolling load. They are aa much to be 
anticipated and provided against as the law oi gravity. 

Your committer are of the opinion that a third or centre truss in 
bridges carrying two tracks would greatly promote safety and security. 
The material of the bridge was good, and likewise the workmanship, with 
the exceptions before stated. There was material enough in the bridge' 
and a diSerent disposition <rf it would have secured five times the 
strength, und small and comparatively inexpensive additions in the way 
of diagonals on the braces and upper chord, and a securing of the braces 
to the brace blocks, would have rendered the bridge secure. 

It has been suggested that applying the air-brakes while on the bridge, 
or applying the air-brakes by the second engine while the first engine wae 
using steam, produced such strains upon the bridge as to destroy it. 
Your committee are of opinion that in the second case the strain would 
be upon the deck of the bridge, and would not effect the bridge itself. In 
the first case, while the tendency would be to push the bridge to the west 
yet the force would chiefly aflect the deck; that which would reach the 
bridge structure would be small; and there was noevidence found at the 
wreck tending to support such a theory. 

The Legislature has no power to punish ; it can only, if possible, pro- 
vide laws which shall render less frequent such frightful calamities as 
that at Ashtabula, Ohio, and others that might be enumerated. The 
lesson taught by the failure of a highway bridge at Dixon, Illinois, re- 
sulting in the loss of sixty lives, should not go unheeded in Ohia 

In this view of the subjcci, and as instructed by the resolution, your 
committee has prepared a bill to regulate the construction and- inspection 
of bridges in Ohio, hereto attached, and made a part of this report. The 
subject is new in legislation and new to your committee, and we douht 
not the bill, though as psrfect as we could make it, has still many imper- 
fections, and we invite the scrutiny of the Legislature with a view to its 
improvement. 

There are many and serious difficulties in the way of legislation on 
the subject. It is impossible to construct a specification in a law that 



^dbyGoogle 



will meet all cases that may arise; and then there are some worthy men 
who expect to remedy the evil of improperly constructed bridgea by a 
higher general education and public sentiment, which shall promulgate, 
with sufficient force, a correct standard for bridges, rather than by com- 
pulsion through legislative action. There is a clashing of interest be- 
tween bridge companies, between the owners of bridge patents, between 
engineers as to the best kind and form of structure, and between those 
who desire to put up permanent and durable work, and a class who can 
make more money by the erection of cheap aud insufficient structures. 
In the bill your committee have tried to avoid this clashing by provid- 
ing only for required results, leaving parties in interest to work that out 
by any design which ingenuity might suggest. 

Interested parties will claim that the legislation is in the interest of 
ensineers; but the object sought being to save the lives and property of 
the people themselves, it is believed this legislation will be sustained by 
public opinion, notwithstanding the friction that its enforcement may 
produce. 

All the testimony taken before the committee is herewith submitted. 
In addition to what has been said of other engineers, in this report, 
we desire to mention Albert K. Howland, of Boston ; W. S. Williams, of 
Canton, Ohio; Col. Becker, of Pittsburgh; D. W. Caldwell and J. E. 
Wright, Enqre., of Columbus, as rendering us efficient and valuable as- 
sistance and advice in this investigation. 
All of which is respectfully submitted, 

A. M. BUKNS, CAoima-, 
T. P. BEOWN, 

SenaU CommitUg, 
L. A. BRUNNEB, 
W. P. WILSTEE, 
GEO. L. CONVERSE, 
E. A. STONE, 
I. M. BARRETT, 

Hovse Committee. 



A BILL 
To aeonn KnMcr ufety for Pnbtio TnTcl otbt Brldgn. 
Sbction 1. Beit auKled by Iht General AttaHblg of the Slata of Ohio, That all t&ilroad 
bridges hereafter erected and deeigoed or used for public travel, except Uioae provided 
for Id Beotion Beveuteen of this net, shall be bailt to c&iry, for dsubI loade, not lees tban 
the following, in additioa to their own weight, namely: Bridges having a span of ieven 
and a half feet, and under, nine thousand ponnde per lineal foot for each track ; those 
having a span of from seven and a half to ten feet, seven thousand and five handled 
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pounds per lineal foot for each track; tlioae haviog a span from ten to twelve and a half 
feet, six thousand and seven hundred pounds ppr lineal foot for each traek ; ihone having 
a span from twelve and a half to lifteen feet, nix thousand pounds per lineal foot for 
such track ; those bavin); a span from fifteen to twenty feet, live thousand pounds per 
lineal foot for each track ; those having a span from twenty to thirty feet, four tboiixand 
and three tinndred poimda per lineal foot for eaob track; Ihose having a span from 
thirty to forty feet, tliree thousand and seven hundred pouiidB per lineal foot fur each 
track; those having a span from forty to tifty feet, three thoanand and three hnndred 
piHiuds iier lineal foot for each track; those having a span from fifty to seventj--five feet, 
thirty-two hnndred pounds per lineal fi>ot for each track; those having a span from 
seventy-five to one hundred feet, thirty-one hundred poands per lineal foot for each 
(rack ; thnto having a spin from one hundred to one hundred and fifty feet, three thou- 
sand ponndb per lineal fool for each track ; those having a span from one hundred and 
fifty to two bundreil feot, C\renty nine hundred pounils per lineal foot for each track: 
tboHo having a span from two hundred to tbree hundred feet, twenty-eight hundred 
jioundsper lineal foot for encb track; those having a span from throe hnndred to four 
hnndred feet, twenty-seven hundred pounds per lineal foot fur each track; those having 
a span from four hundred to five hundred foot, twenty-five hundred pounds per lineal 
foot for each track ; and in all hridge trusses of whatever length, the several members 
in each panel shall be so proportioned as to sustain, in addition to its share of the oni- 
fi)rm load as above stated, such concentrated panel load as is herein provided for a 
bridge of a length equal to the length of tbe panel. 

Site. 9. Every railroad hridge shall be so constnicled as to be capable of carrying on 
«MuU track, in addition to Its own weight, two locomotives oonpled together, each weigh- 
ing ninety-one thousand and two hundred pounds, on drivers, in a space of twelve and 
a lialf feet for each locomotive, and said locomotives to be followed by cars weighing 
twenty- two hundred and fifty pounds per lineal foot, covering tbe remainder of tbe span; 
and all railroad bridges stiall lie so projected that the loads above nientioned in section 
one, shall not strain any part of the material in such structure beyond Dne-fif>h it« 
ultimate strength. 

Sue. 3. All bridges hereafter erected, and designed or nsod for public travel, on any 
liijjhway or wagon roa<l, shall be constructed to carry, besides their own weight, not 
less than tbe following standard loads, namely: City and suburban bridges, and those 
over large rivers, where great conceulration of weight is possible, and on highways Id 
manufaclnring distriotti, spans of thirty feet and under, one hundred and ten pounds per 
srinare foot : spans from thirty to fifty feet, one hundred imuods per square foot ; spans 
from fifty to seventy-five feet, ninety pounds per square foot; spans from seventy-five 
(0 one hundred feet, eighty pounds per square foot; spans from one hundred to two hun- 
dred f^t. seventy-five pounds per square foot ; spans from two hundred to four hundred 
feet, sixty-tive pounds per square foot ; on all other highway or road bridges, the stan- 
dard load shall be not less than one hundred pounds per square foot, in spitus of thirty 
feet and under; ninety pounds per square foot, in spans from thirty to fifty feet; eighty 
pounds per square foot, in spans from fifty to seventy-five feet ; seventy-five pounds per 
square foot, in spans Irom seventy-five to one hundred feet ; siity pounds per square 
foot, in spans fiom one hundred to two hnndred feet ; fifty poands per square foot, in 
spans from two hundred to four hundred feet. The fioor-beam strength for each floor- 
beam for each wagon-way of city bridges, and those near large manufactories, shall be 
not less than thirteen thonsand and five hundred pounds; for other bridges, not less 
than eleven thonsand, two bandied and fifty pounds. 
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Sbc. 4. In the conatrnction of all briiigea for iiiiblio (ravel, either for railroads or 
common wagon wuyB, the streas on any material iised in tbo coiistruction of the bridge, 
in carrying tlie maximinn loail for which Buch bridge Is desigiii-d, shall not exceed the 
following, iiutnuly : For ttin best quality of wrought Icon, in tension, long bars or lOils, 
ten thousand pounds per square inch ; for nhort lengths, eight thousand ponnds per 
aqnare inch, and against shearing force, seven thousand and five hundred ponnds par 
square inch ; and for the beet qnality of wrought iron, hi beams cither square or cylind- 
rical in sectiou, in compreiwioii, the following, namely : | Boama liaving a length of ten 
diameters, eight ihoiiHund one hundred pounds iior square inch, with square enilti, and 
seven thousand four hundred pounds with round ends ; beams having a length of from 
ten to fifteen diameters, seven thousand eight hundred pounds, per square inch, for 
square ends, and ail thousand and five hundred pounds for round ends; beams from 
tifteeu to twenty diameters, suviiti thausand four hundred pounds per mjuare inch, for 
square enils, and five thousand five hundred ponnds •or round ends ; beams frora twenty 
to twenty-five diameters, seven thouaan<l ponnds per square inch, for square ends, and 
four thousand and five hundred pounds for round ends; beams fromtwsnty-Hve to thirty 
diameters, six thonsand and live hundred pnun-is per sqnare inch, for square ends, and 
three thousand eight hundred ponnds for round ends ; beams from thirty to thlrty-fiTe 
diainet«ra, alx thoiuaud ponnds per square inch, for square ends, and three thonaand 
two hundred pounds for round ends ; beams from thirty-five to forty diameters, five 
thousand live hundred pounds per square inch, for square ends, and two thousand and 
seven bundled pouuds for round ends; beams from forty to fifty diameters, four thon- 
BSDil and six hundred pounds per square inch, for square ends, and twenty hundred 
ponnds for rouud ends; beams having a length from fifty to sixty diameters, three 
thonsand eiglil< hundred pouuds per sqnare inch, for square ends, and one thousand four 
pounds for rouud ends; heams having a length from^Bixty to seventy diameters, three 
thousand two hundred pounds per square inch, for square ends, and one thousand one 
hundred pounds for round ends; and for beams from seventy to eighty diameters, two . 
thousand seven hundred pounds per square inch, for sqnare ends, and uine hundred 
pounds for round ends. If iron inferior to the best quality bo used, either in tension or 
compression, the stress on the same shall be proportionately less than the foregoing stan- 
dard for wrought iron of the beet qnality. 

Skc. ii. Cost iron may be used in the construction of bridges, in compression only, 
and in lengths not excelling twenty dmmeters, at the same stresses as those prescribed 
for wrought iron by this act, and in shapes other than square or oylindrical, whether 
wrought or cost iron be used, the stresses shall vary accordingly. 

Sec. 6. Where wood is used in the construction of any snch bridge, as aforesaid, the 
greatest allowable strahis shall not exceed tlis following, namely : For oak in tension, 
twelve haudred pounds per square inch ; for pine, one thousand pounds per square inch ; 
AaA in compression, for oak beams of ten diameters, one thousand pounds per square 
inch ; and for pine, nine hundred pounds ]>er square inch ; for oak beams, from ten to 
twenty diameters, eight hundred pounds per square inch, and seven hundred ponnds for 
pine ; for oak beams, from twenty to thirty diameters, six hundred pouuds per square 
inch, and fivehundKd ponnds for pine ; and in oak beams of from thirty to forty diame- 
ters, four hnndred pounds per square inch, and three hundred pounds for pine. 

Sbc. 7. It shall be the duty of all railroad companies or other corporations erecting 
a bridge for pnblio travel, whetiier by contract or otherwise, to keep on the spot a com- 
petent engineer to superintend the work, who shall have power to reject any piece of 
material wbicli may have been injured or which may be imperfect from any cause. 



,,Googlc 



10 

Bsc. 8. All railroad bTidges in this state nsed for pnblio trarel oud having over » 
Sfteen foot span, or liaviug a truss, sliall be iaspcKsted oiice ever; month b; some oompe- 
tent person appointed by and iu the einplojment of the corporation owning or using the 
bridge, for the purpoeo of oeeliig that all iron posts are in oriler, and all nuts screwed 
home, tbat there are no liiose rivets, that iron rails are in line and without wide joints, 
that the abutments and piers are in good condition, that the track rails are smooth, and 
that all wooden parts of the structure are sound and in proper condition, and that the 
bridge is safe and sound in every respect. The petsoo so ir8i>ecting railroad biidgea 
shal], as oflen as once in two months, make report, under oath, giving a detailed state- 
ment uf the condition of each bridge to the general manager oi su peri □ tend en t of the 
railroad compauy euiptoying him, who shall forthwith forward the saiue to the commis- 
sioner of railroads and telegraphs, and such inspection, in whole or in part, shall be 
made and reporteil as aforesaid oftener than once iu two mouths, if required by said 
commissioner, and it shall be the duty of s^d commissioner to prcBorihe the form of 
blanks to be nsed by such inspectors of railroad bridges, embracing such information aa 
■■id commissioner may desire. 

Sbc. 9. All highway bridges for public travel of more than twenty foot space, in or 
near any city, shall be carefully inspected as often as once in three months, and all 
other of such bridgea having more than twenty foot span as often aa once iu six months, 
by some competent and suitable person. For city bridges, the mayor shall appoint the 
inspector, and tho reports shall be made to him, and filed and preserved in his office for 
public iuspeclion. For coQUly bridges, the county commissiouora shuU appoint the in- 
spector, and such reports shall be made to the county commissioners and filed aud pre- 
served iu the auditor's ufBce for the use of the public. For all turnpike bridges, such 
inspection shall be mode by an inspector appointed by the company using the bridge, 
and report shall be made to the county commiaBioue™ of the proper county, and filed 
and kept as reports on county bridges. All reports shall be made under oath, and the 
mayor or county commissioners, as the case may be, shall allow the inspector snch sum . 
for his services as may be just, which shall be paid Iu the same manner aa claims against 
the city or county are paid. 

Sec. 10. All corporations operating lines of railroad iu this state shall, within sixty 
doys irijm the taking efl'ect of this act, report to the commissioner of railroads and tole- 
grsphs, to be preserved in his office, a detailed description of all bridges in this state of 
more than fifteen foot span, or having a tmss, on their respective lines, and nsed for 
public travel. Said report shall be under oath, and made by some competent person in 
tlie employment of such company, and shall include the name of the stream or obstacle 
spanned, its location in niileo from the nearest prominent point on the road, with the 
nnmber or other designation of each bridge, the number and length of spans, their 
strength, the dimensions of all its important members, abutments, and piers, with th« 
kind of material nsed in the same, and the foundation, and tbe age of the bridge, and 
the date when any important changes or repairs were made in the bridge. 

8ec. 11. The governor shall, on the nomination of the commiasioner of railroads and 
telegraphs, with the advice and conneut of the senate, appoint some competent expert, 
at a salary not exceeding three thousand dollars a year, who shall have cognizance (J 
tie constmction and maiotenance of every bridge intended for public travel iu this 
stat«, and who shall hold his office for the period of five years, unless sooner dismissed 
by order of the governor for reasons affecting his efBdency, in which case snch reasons 
shall be given in writing by the governor, and shall be enterod In Ml upon the pnblio 
records in his office. 
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Snott expert, before be shall enter upon the discliarge of the duties of bis offlee, sball 
pM8 a successful exomliiatioQ as to bis uiatbematical and mechanical compct«De; before 
• committee of three members of tlie American societ; of civil engiueera, anil receive 
their endorsemeot in that behalf; and be shall, moreover, take and subscribe tbe fol- 
owiDg oath, tobe administerod by some officer anthorized to a4miuiflter oaths in this 

etal« i " I, , do BOlemnl; swear that I am not direatl;^ or indirectly interested 

in any ruitraad or turnpike company, or in any bridge coulpany, or bridge patent, or in 
the manufacture or sale any bridge materials, aud that during mj continnance in the 
office of inspector I nill not become so interested, and that I will honestly and faithfully 
perfoTD), with my best skill and ability, every duty in said oC&ce, without fear, favor, or 
affection, so help me God." Said oatb sball be flled and recorded in theufficDof the gov- 

Sec. 1'2. SoJil expert sbaU be subject to the direction of the oommissionet of railroads 
and telegraphs, aud all papers, calculations, reports, etc., pertaining to bridges, shall be 
Hied aud preserved m the office of said commisstouer. It shall be the duty of said com- 
missioner, trheuever he is notified, or shall receive iuformatiou, whether official or oth- 
erwise, or shall have reasou to suspect that any railroad bridge, or any other important 
bridge is defective, to imiiediatuly oanse the same to be inspected by said expert, and 
if found unsafe, he shall prohibit its use till put in safe oouditiou, and so pronounced by 
Baid expert. 

Sec. 13. All railroad ot turnpike officials having in chaise the letting or construction 
of auy bridge of more than fifleen foot span, or having a trnss, aud all county and etfte 
officials having in charge the letting or QoustrDCtion of any highway bridge or bridges 
of more than thirty-five foot span, sball submit (ji said expert a strain sheet and draw- 
ings of the proposed structure before work has commenced thereon, wbo shall examine 
and certify its correctness if correct, and make such alterations as may be necessary, if 
it be faulty in design, or scanty in materials, according to the standard prescribed ia 
this act; and on the completion of such bridge, said expert shall critically examine the 
work in all its details, comparing and verifying the sections on the strain sheet with 
those of the actual structure, aud if these last are insufficient, to forbid the use of the 
work till the bridge is made sufficiently safe and strong. A oopy of all plans and strain 
aheets submitted to said export, shall be preserved iu the office of the commissioner of 
railroads and telegraphs, and changes made, ftvm time to time, sball be noted on the 
records or files of said office. 

Sec. 14. If said bridge, examined as mentioned In the last section, is up to the stand- 
ard in all its parts, sold expert shall give triplicate oectificates to that effect: ona'ta the 
builder, one to be filed iu the office of the commissioner of railroads and telegraphs, and, 
if a railroad bridge, the third certiHcate shall be given to the railroad company; if a 
highway bridge, then a tablet shall be placed on a conspicnoos part thereof, containing 
tbe third certidcace, aikdabio tho names of tbe builders, the name of the officeior officers 
who accepted tbe work, the strength of the bridge as designed, and the year of its erec- 
tion. Any peiaon who shall willfully injure or fraudnleotly destroy such tablet shoU be 
deemed guilty of a misdemeanor, and, on conviction thereof, shall be imprisoned in the 
oonnty Jail not more than six nor less than three months. 

Sec 15. In all cases there may be on appeal from the decision of said expert to the 
oommjssioner of railroads and telegraphs, who shall carefully inquire into the matter in 
dispute; and any modifications of the orders or decisions of said expert, or changes 
ordered or made by said commissioner, shall be in writing, and spread npon tbe leeordi 
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iu Ilia offlco ; niul if said eipart, from preaa of oBicifll liiiHiu(>ss or other cauBe, shall 
require ossistimcc, said conimissiutjer may, frnni time to time, employ aach assistance as 
he ma; deem pTU|>i!r, and pa; for the same out of his coiitiugent fund. 

Sbc. 16. It Hhall bo the dut; of the comnilHSioner of railroads aud telegraphs to stop 
thn rnnning of trains on all railroads in this state, where the compaiif or compaNJes 
operating the snine fitlier iie),'ie«t t '■efu*^ to comjilj wilb the provisions of this act; 
and in case of injury to person or pniperty, liy reason of defect in any bridge in this 
state, this act siiall not be construed or have the effect to diminish the liability of any 
corporation or authority, at the time of such injmy.nwng the same. Auj- person willftilly 
taking a false- a SI davit, under any of the provisiuus or reqnirenicnts of this act, shall, on 
conviction thereof, be imprlsontil in the iieuiteiitiarj-, at hard labor, uot more than ten 
nor less than one year: and any perGou steaiing, concealing or suppressing, or fraud- 
ulenlly dentroying any pai)er, calculation, ulan, or other thing; required lo he kept in 
the office of the commissioner of railroads and telegraphs, shall, on conviction thereof, be 
imprisoned in the penitentiary, at hard labor, not more than three years nor less than 

Sec. 17. The standard toads on bridges of narrow gauge railways shall be thirty per 
cent. less than those provided In the preceding sectionsof this act. Tlie word "bridge," 
in this net, shall be held to iticlnde trostlo-nork, ea<'h span of trestle being accounted as 
a separate bridge. 

Sbc. 18. Tliis act shall take effect and be id force from oud after the 10th day of Hay, 
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ENGINEERS' REPORT. 



To the Honorable, the Committee of Che QeneraX AssemMy oj the State of Ohio ! 

Gentlemen : Pursuant to your order, we proceeded to the scene of the 
Ashtabula bridge wreck, arriving there on the morning of the 18th of 
January, 1877, twenty days after the accident. Although considerable 
time had elapsed between the falling of the bridge and our arrival at the 
place, yet, in all probability, we could not have been there at a more 
favorable time to procure the information we sought, to-wit : To take 
meaflurements of and note, in detail, the method of construction of the 
bridge, and the condition and position of the Wreck. The debris of the 
wrecked train had been removed, and workmen were engaged in removing 
the bridge, some few pieces having been taken out, and large portions 
raised up in a way quite favorable for examination. 

CONBTHL'CTIO!! OF TBE BlimOK. 

The bridge consisted of two trusses of the Howe-Truse type, executed 
in iron, and carrying two tracks on the upper chords or deck, and was of 
the following general dimensions : 

Leni(th of spaa bettreeu aliatmeata IGO feet. 

" " " " centers of half blocks 154 " 

" " each paoEl II *' 

So. of panels 14 " 

Height from center to center of chorda 19 " 8 , In. 

" onttoout 30 " 0( " 

Width in clear between tnisses 14 " " 

" from out to out of tcDaaea 19 " 6 '■ 

The floor-beams were spaced 3 feet 8 inches, center to center, and con- 
sisted of rolled iron I beama, 4 inches x 6 inches, [d, plate 1]. and were 
25 feet 3 inches long, projecting 2 feet 10^ inches over each truss. 

The bridge carried two tracks, 4 feet 8^ inch gauge, the outer rails of 
which were directly over the center of each truss. 

The track stringers under the outer rails, consisted of two pieces, 8 
inches x 14 inches, and, under the inner rails, three pieces, 6 inches x 14 
inches, besides which there were bearing stringers on the outer ends of 
the floor-beams, each one piece 6 inches x 14 inches, all of white pine. 

The deck was 3 inches thick and 26 feet wide, and was laid cloai, 
covering the entire surface. 
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Along each side of the floor, was a pine-gaard rail, 10 inches x 10 
inches, bolted through the deck and bearing-girder to the floor-beams. 

Each trusB rested on expansion -rollers at the east end, and was con- 
structed as follows : 

The Lower Chorix 

The lower chord consisted of five members. The outer members of each 
chord were composed of two pieces, wrought iron bar, 5 inches i If inches, 
extending throughout the length of the chord. The middle member was 
one piece, 5 inches x If inches, for a length of three panels from each 
end, and two pieces for the remainder of ita length. The intermediate 
members were one piece each for four panels from each end, and two 
pieces for the remainder, all 5 inches x If inches. The resisting material 
in each panel was, therefore — 

First panel, seven pieceSj 5xlf inches. 

Second panel, seven pieces, 5xlf inches. 

Third panel, seven pieces, 5xlf inches. 

Fourth panel, eight pieces, 5xlf inches. 

Fifth panel, ten pieces, Sxlf inches. 

Sixth panel, ten pieces, 5xlf inches. 

Seventh panel, ten pieces, 5xlf inches. 

Each piece was, in general, of the length of four panels, and thejr 
were connected after the manner of the splice in a wooden bridge- [Bee 
Fig. 1, PI. 2.] These members were laid flat, with intermediate spaces 
of 2 inches, making the total width of chord 33 inches. They were 
secured to the half blocks in the manner shown in Fig. 2, PI. 2. 

Thr Upper Chord. 

The upper chord was composed of five lines of four by six inches I 
beams, of varying thickness of web. These beams were of the length of 
two panels, two and three beams breaking joint alternately, and abutting 
against lugs cast on the top of the upper angle-blocks (figure 2, plate 3). 
There was no connection between the angle-blocks and those pieces 
which passed over continuously, so that the strains transmitted by the 
braces in each panel would be borne only by those members of the chord 
which abutted against the lugs on the angle-block. Because of this 
arrangement, the middle and outer beams of the chord, or, if numbered 
consecutively, the first, third, and fifth beams sustained all the thrust of 
of the first, third, fifth, and seventh braces, and the second and fourth 
beams sustained the thrust of the second, fourth and sixth braces. The 
second and fourth beams were continuous from the abutments to the 
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eecond angle-block. The first, third, and fifth beams began at the firat 
angle-block. The thickness of the vreb was as follows : 
nr«t. Third, and FVth Beam*. 

From first to third angle-block, f inch (J plate 1). 

From third to fifth angle-block, ^ inch (e plate 1). 

From fifth to seventh angle-block, 1 inch (a plate 1). 
Seeond and Fourth Beams, 

From abutpient to second angle-block, f inch (d plate 1). 

From second to fourth angle-block, ^ inch (e plate 1). 

From fourth to center, ^ inch (6 plate 1). 

The beams were spaced laterally three and three-fourth inches apart, 
between fianges, making the total width of the chord thirty-three inches. 
At the quarters of each panel there was a five-eighths inch packing bolt 
passing through the webs, and through cast-iron thimbles, or distance 
pieces, between the beams. 

The Brachi. 

The braces were also of four by six inch I beams of the patterns c, d, 
e, and f. How these different siaes were distributed through the truss we 
could not determine, as most of them had been displaced in the fall of 
the bridge, and were among the first parts of the bridge removed from 
the wreck. It is in evidence before your committee that the braces were 
not marked in the shop to designate their position in the truss, and that 
they were placed in position without any regard to the difierence in their 
cross-sections. Their distribution was. therefore, simply a matter of haz- 
ard, and the several sizes were intermingled promiscuously. 

The number of braces in each panel, as determined from the im- 
pressions on the angle-blocks, were : 

In first panel, six main braces, five counter braces. 

In second panel, six main braces, one counter brace. 

In third panel, four main braces, one counter brace. 

In fourth panel, four main braces, one counter brace. 

In fifth panel, three main braces, two counter braces. 

In sixth panel, three main braces, two counter braces. 

In seventh panel, two main braces, two counter braces. 

They were cut square at the ends, and simply abutted against the faces 
of the angle-blocks. Most of them had the flanges chipped o£E at one or 
more corners where there was interference with the rods. They were 
placed with the web in the direction of the truss. The faces of the blocks 
showed that small lugs had originally been cast thereon, to retain the 
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braces in position on the blocks. These lugs were made to fit the hrace 
when placed with its web tiansversely to the line of the truss, and ad* 
mitted only four braces on the first and second panels, and to allow the 
braces to be turned with the web longitudinally, the lugs were all clip- 
ped off. 

Each angle block showed that a strip two inches wide had been planed 
off, acrosa the whole length of the block at the middle of eaoh face. Why 
this was done is not clearly apparent, but its eifect was to prevent any 
bearing on the middle of the web of the braces, and to concentrate all 
the bearings on the flangeB. The number and position of braces pro- 
vided for in the angle blocks was the same as shown in the original 
drawing of the bridge, found by your committee in the possession of the 
coroner at Ashtabula, and a copy of which ie herewith presented. ■ This 
original drawing bears date 18t>3, and has the signature of J. Tomlinson, 

The five counter-braces in each end panel extended from the first lower 
angle block to the middle of the main braces ; and consisted each of a 
hollow cast-iron strut, 3| inch external and 2J inch internal diameter; 
through which passed a round rod, 1| inch diameter, tapped into the 
angle block below, and with a nut on the upper end. The rods passed 
between the braces, and through cast-iron beveled bearing plates, both 
above and below the braces, the lower bearing plates receiving the ends 
of the hollow struts. All other counter-braces were as already described 
for main braces. 

At the intersections of the main and counter-braces there was a reo. 
tangular yoke, enclosing all the, braces. It consisted of two rods of one 
inch diameter, passing through end plates, 3xf inch, and with cast-iron 
distance pieces in the spaces between flanges of braces, retained in place 
by their projecting ends, through which the rods passed. These yokes 
were not secured to the braces in any way to prevent them from sliding 
up or down the braces with any change of position of the intersection, 
and could not, therefore, so act as to confine the intersection to any one 
position. (See figure 3, plate 2.) 

Vkbtical Tie Rods. 

The vertical tie rods were eight in number at each panel point, ar- 
ranged in four pairs, each pair being six inches apart longitudinally, and 
passing through the angle blocks and the spaces between the chord 
members. Each rod had a hexagonal head on top, and hexagonal nut 
at the bottom, and was "upset" at both ends. The heads and nuts bore 
against strap-washers, five inches by one inch, extending across the 
chords transversely, each washer receiving four rods. The sizes of rods 
were as follows : 
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Firat panel, eight rods, two and one-eighth inches diameter. 

Second panel, eight rods, two inches diameter. 

Third panel, eight rode, one and seven-eighth inches diameter. 

Fourth panel, four rodp, one and seven-eighth inches diameter, and 
fonr rods, one and three-fourth inches diameter. 

Fifth panel, four rods, one and three-fourth inches diameter, and four 
rods, one and five eighth inches diameter. 

Sixth panel, eight rods, one and five-eighth inches diameter. 

Seventh center, eight rods, one and one-half inches diameter. 

Akolk Blocks. 
The angle blocks were of cast iron, and were thirteen inches wide at 
the base, four inches wide on top, one inch thick at the edge, and three 
and one-half inches thick at center, with six inch sloping faces. The 
lower blocks had each a channel three inches wide and one inch deep 
along the lower surface, which fitted over lugs welded on the upper sur- 
face of the chord members. The upper blocks had alternately three and 
two upright ribs or lugs on the upper surface, against which the top 
chord members abutted as heretofore explained. 

IiATRUAL AND SWAY BRACIKO. 

The lower system of lateral bracing consisted of diagonal ties, two and 
one-half inches by one-half inch flat bars, and horizontal struts of ordi- 
nary railroad bars. The diagonal ties extended for one panel length at 
each end, and for two panel lengths throughout the remainder. They 
were secured by lugs welded on the flat side, fitting into receeses in the 
under side of the angle blocks, and held in place by the chords. 

The struts rested on the projecting ends of the strap- washers, which, 
In the alternate panels, were four inches longer than the width of chord. 
There were no means of adjustment, except by making the struts of full 
length, and forcing them home between the chords. By h singular blun- 
der in the erection of the bridge, the struts, except the iirst at the west 
end, were all placed one panel farther west than their true [Kisitions, thus 
placing them at the intermediate panel-points, between the points of at- 
tachment of the diagonals. 

The upper system was the same as the lower, except that it began and 
terminated at the first panel-points at each end, and that the floor-beams 
were made to take the place of the struls by means of lugs riveted to 
their under surface and abutting against the inner flanges of the upper 
chords. 

Vertical "sway-bracing" was provided at alternate panels (being the 
same at which the lateral systems were attached). It consisted of one and 
2 AQ 
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a quarter round rods, with turn-buckles near the middle of tbeir length. 
The ends of these roda were flattened to two and a half inches by one-half 
inch, with square luga at the extreme ends. They passed between the 
vertical rods of the trusses, aud the lugs were fitted into recesses in the 
outer ends of the angle-blocks, and held in place by a three-quarter-inch 
screw-bolt tapped through the sway-rod into the easting. 

CONDITION OF TBE WRECK. 

The first feature which becomes apparent in aa examination of the 
wreck is the fact that the bridge in falling swung to the northward, while 
the entire deck with the train upon it fell to the southward, and did not 
fall upon the wreck of the bridge. This indicates that the failure was in 
the south truss. 

The next important feature is the fact that the bridge in falling was 
drawn to the eastward, about one panel length of the lower chords being 
turned up against the face of the east abutment. This would indicate 
that the break occurred at or near the west end, and that the west end 
reached the ground before the east end had left its seat on the abutment. 

This conclusion is further strengthened by a consideration of the man- 
ner in which the train wa"? distributed at the bottom of the chasm. 

At the time when the break occurred, allowing that the forward engine 
had pissed off the bridge, there could only have been on ihe bridge, one 
engine and two express cars, while one baggage-car, one smoking-car, 
four coaches, and three sleeping-cars, had not yet reached it. Yet, as all 
but the last two sleeping-cars reached the brink of the chasm, they were 
deflected to the southward from their forward course, and landed succes- 
sively nearer and nearer to the east abutment. The last two sleeping- 
cars, however, were not so deflected, but plunged straight forward into 
the chasm, and fell upon the wreck of the bridge at the east end. 

The inferences from these facts are that the track was not separated at 
the top of the east abutment until those seven cars had passed that point, 
but formed an inclined plane, of successively increasing steepness, and 
which was turned to the southward by the entire deck of the bridge 
sliding off after the failure of the south truss ; and that such separation 
of the track had taken place when thenextto the last sleeping-car reached 
the brink. 

The foregoing considerations point very clearly to the approximate 
location of the break. 

A careful examination of the wreck throughout its entire length, es- 
pecially with reference to the condition and relative positions of the sev- 
eral parts, developed the following facts [in the following paragraph, 
where the words "top chords" are used, they must be understood aa 
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meaaing the " place of the top chord," as indicated by the tops of the 
rods. The members composing the chorda had been generally displaced 
by the fall, and were removed before our arrival]: 

The lower chords were lying straight and nearly parallel throughout 
their length. The top chords, at the east end. laid to the south of the 
lower chords, and ran obliquely, crossing the lower chords about four 
panels from the east abutment; and thence westward to the third panel 
from the west abutment, they were upon the north side of the bottom 
chords, maintaining their parallelism throughout this distance. Her^ 
their parallelism ceased. The upper chord of the north truss continued 
to the west end, in the same oblique direction, while that of the south 
truss was bent fharply around the lugs of the angle-blocks, and at the sec- 
ond panel point was entirely to the south of the lower chord— those pieces 
which broke joint on these angle blocks, being drawn off the blocks, and 
those which passed through, being bent around the lugs. From the 
second to the first panel point, this chord returned northward to the line 
of the lower chord, and the two shore members were hent around the 
lugs of the first block. This condition of the wreck is shown by the 
diagram. [Fig. 3, PI. 3.] 

The first set of braces in the south truss were not beat, but had escaped 
from their places, and were lying nearly parallel to the face of the abut- 
ment, with the lower chord of the north truss resting on them at their 
npper ends; and the top angle-block, which they had supported, had 
slipped on the rods to the lower block. The second angle-block had also 
slipped down the rods to the bottom, and the braces of that panel were 
bent laterally to the north, until their upper ends nearly approached 
the lower block, and they were lying in the wreck with their ends but 
slightly removed from the blocks on which they had abutted, and with 
the intersection yoke still around them, though broken. They are also 
shown in their relative position in the diagram. [PI. 3, Fig. 3.] 

The braces of the third panel were not found by us, but the top block 
had slipped down the rods to within about four feet of the bottom. The 
fourth braces were not bent and the top block was not displaced. 

These facts show conclusively that the failure occurred in the second 

and third panels of the south truss; hut whether it is to be attributed to 

the braces or the top chord, or both, requires further consideration, and 

will be discussed after presenting the calculations of relative strength. 

CALCTILATI0N8. 

As a preliminary step in the investigations of strength, we first made 
a careful estimate of the dead weight of the structure itself. In doing so, 
we have used the bill of material furnished as part of the testimony of 
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Amasa Stone, Eaj., first comparing the items with our owo measure- 
ments, and where differences existed, we have followed our measurements 
and not the bill. The most iraportant disagreement was as to the 
weights of the rolled I beams, as shown In the statement foUowing : 

Dimensions and Wbigiit or Bolled I Sbau». 



Depth. 


Width. 


Av'g depth 
of lieail. 


of web. 


Area. 
Sq. In. 


Woight per foot, 
cakulated. 


Wt. pr. foot 
aa pr. bill. 


etaehee. 


4 inches. 


{ inch. 


1 >D«b, 


11.25 


37.5 posndK. 


42 poondA- 


6 " 


4 ." 


i " 




10.7* 


35.7 


.391 " 


6 « 


4 " 


I " 




10.187 


33i»3 " 


37 » 




i " 


i " 




9.66 


3a.ao " 


34i " 


6 » 


4 » 


4 " 


i " 


9.125 


30.42 " 


32 « 






i " 


, « 


8.594 


28.65 « 


29i " 



In estimating the weight oS the 3oor-beams and deck, we have taken 
the length of deck actually resting on the trusses, at 144 feet. 

Table I. contains the general dimensions of one truss ; table II. con- 
tains, in detail, the estimate of the dead-load, and table III. the strains 
resulting therefrom in the several raemibers of the truss. 

Our first calculaticMi of strains resulting from the r(JliDg;load, is based 
on an assumed uniform load c^ one ton per foot Hneal on each track, 
which is the load usuallv assumed bj engineers in designing a bridge 
of this character. This load is what would be produced, in this instance, 
by a train trf three locomotives on each track. This is a load which, 
ordinarily, wilt not probably be broi^ht upon a bridge, but which, at the 
same time, may pombiy come upon it, and is not largely in excess of the 
load which would occur with two engines and one loaded express car. It- 
is usually adopted by engineers as the maximum load for which a bridge 
should be designed, though the more recent practice tends to establish 
a still higher standard. 

The results of this catctitation are given below in Table IV.; and the 
combined strains from dead load and' live load, together with the ultimate 
resisting capacity of the several members, and the "factor of safety," or 
ratio of ultimate resistance to actual strain, are given in Table V. 

In computing the ultimate resistance of the compression members, we 
.have used Rankine's Formula; and in applying this fwinula it is necee- 
Bary to study carefully the condition of the several members with refer' 
ence to the efficiency of their end bearings, and their effiective length a» 
struts. 
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The top chord members, as heretofore explaiottd, extended over two 
panels, and abutted against upright Inns on the angle blocks. At the 
middle of the length, each member would be free to deflect laterally until 
it came in contact with the adjoining lug. Its farther deflection would 
depend entirely on the lateral rigidity of the angle block itself. At the 
points of attachment of the lateral bracing, the angle blocks may be con- 
eidered as sutticieotly fixed in position; but at the intermediate point 
the block is perfectly free to accompany any lateral deflection which 
might occur in the chords. We are therefore of the opinion that the 
top chord members must be considered as of the full length of twenty-one 
feet and ten inches. 

The ende were sawed square, as such beams usually come from the 
mill. Between the end of each beam and the lug, there was a shim plate 
of one-fourth inch wrought iron. This plate was inserted to correct an 
error in the length of the top chord. Its effect on the bearing would be 
beneficial rather than otherwiae, as it would aid to eome extent in dis- 
tributing the pressure more evenly over the surface. Whether these 
bearings were fully equal to perfectly squared and true bearings, as con- 
templated in the formula, may be a matter of some doubt ; but they would 
approximate very nearly to such bearings, and in computing the strength 
<^ these members, we have so treated them. 

The btacee were twenty-one feet seven inches long, with a yoke at their 
intersections, as heretofore described, and as shown more fully at fig. 3, 
pl. 2. Whether or not this yoke was eflective to prevent deflection in the 
plane of the truss, is immaterial, as the braces were weakest in the lateral 
direction. That the yoke could have no efifect in preventing the entire 
group of braces from deflecting laterally is clearly apparent; and, aside 
from all theoretical considerations, there remains the fact that they actu- 
ally did fail by bending laterally as an entire group, and at the middle of 
the length of twenty-one feet seven inches. 

These bearings were much more imperfect than those of the top chord, 
owing to the corners of the flanges having been chipped ofl where they 
interfered with the rods (see plate 4), and to the uneven surface of the 
castings against which they abutted; besides which, many of them had 
clipped on the angle blocks, so that from one-half to the whole of one flange 
bad no bearing at all ; and in a few instances, as much as two inches, and 
even three inches, of the depth of the beam projected over the edge of the 
blocks. 

We are of the opinion that these bearings were somewhat better than 
roanded ends, but by no means equal to square ends, and we have assumed 
a mean value between the two. 
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If the ezperimeDts upon the etreQgtb of these braces, which were con- 
templated by your committee, had been carried out, the value to be as- 
eigQed to the bearings would have become a matter of certainty ineteacl 
of opiaiou, and we regret that they were not made, so that the resultB 
could have been embodied ia this report. 

In addition to these calculations, showing the strength oi the bridge 
with reference to the load which it should have been able to sustain, we 
have also made a calculation of the strains aa actually occurriog at the 
time of the failure, and which are also hereto attached. 

In this we have a'Mumod that at the time when failure began the for- 
ward engine, weighing 32 tons, covered the second and third panels at 
the west end, the drivers resting equally each side o! the third panel 
point, and was followed successively by its tender, weighing twenty tons 
and covering 22 feet of track; the second engine, weighing 35 tons, on 32 
feet length; its tender, weighing 20 tons, on 22 feet length, and a loaded 
express car, weighing 23 tons, on 37 feet length. The distance between 
axles, and the weight on each pair of wheels, was assumed as follows : 

AUSDMBB DlSTRIBUTIO.I O 



AXLK. 


Distance 
frompreced- 


Load on 
of wheels. 




Ofeet. 
6 " 
8 " 

8 " 

e " 
& " 

5 " 

6 " 
10 " 

6 " 
8 " 
8 " 

8 " 
5 •' 
5 " 
5 " 

9 " 
5 " 

16 » 
5 " 


11,000 










31,000 
10,000 








10,000 
10,000 
12,000 

ia,oo» 

23,000 
23 000 














10,000 
10,000 
lOOOO 












11,500 

















The track stringers were placed four feet tea inches from center to 
center, which placed the center of gravity of the load one foot and a half 
inch from the point of support of the floor beam ; and the clear width 
between supports being fourteen feet, it follows that 93 per cent, of the 
load on the south track was borne by the south truss. 
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In addition to this, according to the records of the United States Signal 
Service at Cleveland and Erie, at the time of the accident a wind from 
the north was blowing with a force of about five pounds per square foot. 

The surface of an engine exposed to this wind measures about eight 
feet in height, and its center of gravity is about five feet above the rails. 
The effect of such a wind against this surface would be to increase the 
vertical pressure on the south rail about two per cent, of the entire load. 
The whole load, then, borne by the south truss was about 95 per cent, of 
the weight of the train, and as such we have computed the strains. 

We would add, by way of explanation, that the center lines of braces 
and counters did not intersect at the center lines of the chords. The 
horizontal "run" of the braces was ten feet eight inches for a "rise" 
bf nineteen feet eight inches. 

Owing to the uncertainty as to the manner in which the different 
sizes of braces were distributed in the truss, and the certainty that they 
were used promiscuously, we have used theaverage value of the ultimate 
strength of the several sizes. We have reason to believe that the lighter 
sizes occurred most frequently near the ends, and the heavier sizes 
near the center. If this was the case, then we have overestimated the 
strength of the braces near the ends, and underestimated those near the 
center. 

The numbers of the panels in the following tables begin at the west 

end and number toward the east. [Fig. 1, pi, 3.] Tables I., III., IV., 

and V. extend only to the center of the truss, the remaining half being 

symmetrical therewith, with reference to corresponding parts. 

TABLE I. — DlMBNBioim ow kach Trdss. 



BOTTOH Chobi>. 



Main Braces. 
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Span 154 feet. 

Ueigbt of trass, ceuter to center 19 " 8 Inclie*. 

HorJEontal run of braces 10 " 8 " 

Length of oblique 22.37 feet. 

Batiu of oblique to Tertical .• 1.138 

" hgrizontal " 0.543 

TABLE U.— Estimated Dbad-Wsiqht. 

Bottom Chord. 

Dm. Ibi. 

2,766 feet R iDchea X 1| incbeB M,433 

l«Zi" 5 " il " , a,?™ 

i77 " 3i " It " 2,403 

68,566 

TopCiord. 
V2 I beams 4 inches z 6 incbes, web 1 incb, 21 feet 10 inches loog . . . 9,825 * 



121 " 4 " i6 " " f" " " " ... 7,503 
81 " 4 " x6 " " i" 25feet " " ... 6,657 
M packings 1,440 



Braeei and Counter*. 
16 1 benms 4 inches i 6 incben, web f incb 1 31 feet 7 Inches long. . 

aai '• 4 " i6 " <> i '• X. •• " " .. 

861 " 4 " xti " ■' I 1' I M -. <- _ 

10 1 " 4 " i6 " .. J .< I .- .' .' .. 

SM round tnbes 
20 rods 1( " 

34 intersection stirraps 

Fastenings, etc 



10 feet 3 inches ' 



11,720 
81,007 
53,170 



\i round 3^ inches x 22 4-10 feet long . . 
a " 2 " 122 4-10 " 

e " 1| " 122 4-10 " 

122 4-10 " 

X 22 4-10 " 

122 4-10 



7,505 
9,895 
5,745 
7,433 
2,110 



A»gt«-Block». 

26 paira angle-blocks 15,704 

76 washers, 2 feet 9 incbas x 5 inches x 1 incb 3,116 



Lattral and Swag Bracing. 



28 swaj rods 15 feet longl^ incbes ronnd ....... 

19 laterals 28 " 7 inches long, 2) x i inches round.. 
12 " 28 " 7 " 21 xi " 

8 '• 2X "0 " 2iii " 



1,718 
1,420 
1,499 
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Floor and Upprr Structurei. 

391 beams, 4 inches x 6 incbea, web g incli x 25 feet 3 iucbeelong-. 3tj,927 

84Blimips 072 

IS wood-stringcre, G iucbes z 14 mchea x 114 feet inohee long 3B,ilH 

Floor, 3 incheH I 26 feet incbes x 144 feet iDchea long 26,208 

2 gaard-raits, 10 inches x 10 iuchea x 144 feet iuobea long 5,600 

4trBck-r^la, 144 feet 11,520 

Hah-plntea and Bjiikea ..... 648 

Pocking-bolts and waaheiB 1,316 



TABLE IIL-Stkains RBaHLiiNO from Drad^load oni-t. 

Truss, ia,838 Pounds. 


Weioht pmb 


Pakel, onb 




Eods. 


Vertical load 


Strain in 


Lower 
chord. 


Upper Chord. 


Ho. 
panel. 




2 membeiH. 




Lb,. 
76,109 
62,271 
48,433 
34,597 
20,757 
6,919 




Lb». 
89,947 
76,109 
88,271 
48,433 
:t4,S95 
20,757 
6,919 


Lbs. 
102,362 
86,014 
70,866 
56,118 
39,370 
23,622 
■ 7,874 


Lb*. 
48,841 
90,168 
123,981 
150,280 
169,065 
180,336 
184,093 


Lbi. 


Lbs. 


3 
3 

4 
5 
6 

7 


48,841 
82,654 
101,439 


41,327 
67,626 

76,897 



F Two Thousand 



No. panel. 


Bods. 


VeftioRl 
load on 
brocea. 


Strain in 
br&ceB. 


Lower 
chord. 


Upper chord. 


Three 
membeiH. 


Two 
membera. 




121,000 
99,000 
77,000 
66,000 
33,000 
11,000 


143,000 

121,000 
99,000 
77,000 
55,000 
33,000 
11,000 


162,734 
137,6Se 
112,662 
87,826 
62,590 
3r,654 
t2,51£ 


77.649 
143,352 
197,109 
238,920 
268,785 
886,704 
292,677 








77,649 










131,406 






107,514 




161,271 


' 
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TABLE IV.— Contui lied.— Maximum Strains prom Partiai. Livk Loadh. 



Number pane). 


Eods. 


braoea. 


Connter 

brwM. 




121,000 
103,100 
86,fiS 
71,697 
57,993 
45,822 
35,083 


163,734 
138,660 
116,513 
96,392 

77,996 
61,626 

47,183 














8,666 
15,406 
24,073 













N. B. The chorda n 



strtuua fioui/iiU toad only. 





A.— 


Toulon Member,. 












Low«R Chokd. 


Rods. 


NiTMBBR or Pankl. 


1 


1 


it 


t 

1 
1 


1 


1 


II 


1 

•3 

s 

1 




Lbs. 


Sq.In. 


Lba. 


Lbs. 


Sq.In. 


Lbs. 




126,490 
333,520 
321,090 
389,200 
437,860 
467,040 
476,770 


48.13 
48.13 
48.13 
56.00 
68.75 
68.75 
68.75 


2,628 
4,852 
6,671 
7,077 
6,370 
6,793 
6,935 


21.3 
11.5 
8.4 
7.9 

8.8 
8Ji 
8.1 


197,109 
165,371 
135,065 
106,292 
78,750 
52,741 
35,083 


28.37 
25.13 
32.08 
20.66 
17.92 
16.60 
14.14 


6,948 
6,680 
6,117 
5,145 
4,394 
3,177 
2,481 
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Upfsr Chord. 


Bbageb. 


N UMBBB OF Panblb. 


■1 


1 

4 


li 


i 


1 


i 

& 


If 


■s 




Lba. 


Lbs. 


Lbe. 


Urn. 


1 






2 
3 
3 
3 
•i 
3 
S 






265,096 
825,274 
187,379 
151,410 
117,360 
85,343 
66,057 


6 
6 
4 
4 
3 
' 3 
2 


445,704 
445,704 
897,136 
297,136 
222,852 
222,858 
148,566 






136,490 
107,030 
2U,060 
175,140 
868,710 
a04,330 


316,665 
216,690 
326.035 
233,400 
358,380 
333,400 


2.5 
8.0 
1.5 
1.3 
1.4 
1.1 










14 




19 















CODKTEB BKACSS. 

Seventh panel — atcain, 36,791 poiudB ; oltimbte Btiengtli, 148,568 pounds. 
Sixth " " 451 " " " 148,668 " 

The remaining connter-braceB are without strain. 
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TABLE VI.— Strains in South Truss, from 95 per cbnt. oy Load, consutino of 
TWO Engikes, one Expitses Cab, and a Wind vbom thb North having a Forck 
OF FivK Pounds feu Square Foot, as phbviously assuuiu* for the Ihstant or 
Failurb. 





weat to east.) 








111 

n 


Bod^ 


BracM. 




Upper chord. 


NciiBER OF Panel. ^ 


Cbord. 


Three 
memben. 


Two 




6,000 
25,000 
24,000 
24,000 
20,000 
17,000 
SS,000 
30,000 
20,000 
20,000 
23,000 


119,568 
95,818 
73,018 
50,318 
31,318 
15,068 

11,532 

40,032 
59,032 
78,032 
99,882 
99,882 


142,655 
136,164 
109,041 
83,095 
57,148 
35,527 
17,148 
13,123 
45,557 
Gr,179 
88,801 
113,666 
113,666 
138,531 


68,018' 
132,941 

184,968 
224,615 
251,881 
268,830 
277,009 
277,009 
270,745 
249,007 
216,960 
174,577 
120,340 
66,102 








68,016 










120,045 










147,311 










152,396 










96,611 




120,340 








23,000 


66,102 



















The loads on panel points, as given in the eecond column, are deduced 
from the distribution of the loads given on page 22. 



Digitized byGoOgIC 



TABLE Tn.— Sthaivs from Ltvb Load (Table VI.) and Dkad Load (Tablb m.\ 

WITH THB KBSIBTINO CAPACITY OP THK HEMBKKS ; SHOWING THE ACTVAI. CONDmOM 

OF THK Truss at thb Approxiuatb Tixk of Failure. 









A.— 


TntjioH Mtmbai. 








No. 


LoWRR CnoRD. 


Rods. 


Strain. 


Ana. 


Sirs ill per 


Factor 
of safety 


Strain. 


Area. 


Strain per 
sq. inch. 


Factor 
ofMfety. 


1 


116,859 


48.13 


2,428 


2311 


195,ffJ7 


28.37 


6,897 


8.1 


4 


233,109 


48.13 


4,635 


12.1 


158,089 


25.13 


6,290 


8.9 


3 


308,949 


48.13 


6,419 


8.7 


121,451 


22.08 


5,500 


10.3 


1 


374,894 


56.00 


6,616 


8.2 


84.813 


20.«6 


4,105 


13.6 


6 


420,945 


68.75 


6,123 


9.1 


61,975 


17,92 


2,900 


19.3 


6 


449,165 


68.75 


6,533 


8.6 


21,987 


16.60 


1,324 


4S.3 


7 


461,102 
4fil,10a 


68.75 

68.75 


6,706 
6,706 


8.3 
8.3 




14.14 
16.60 






R 


18,451 


1,112 


60.4 


9 


431,080 


68.75 


6,560 


B.5 


60,789 


17.92 


3,392 


16.S 


10 


418,070 


68.75 


6,081 


9.2 


93,627 


20.60 


4,531 


13.4 


11 


367,230 


55.00 


6,677 


a.4 


136,465 


22.08 


5,727 


9.8 


13 


298,558 


48.13 


6,203 


9.0 


162,153 


25.13 


6,452 


8.7 


13 


210,507 


48.13 


4,373 


12.8 


175,991 


28.37 


6,203 


9.0 


14 


114,943 


48.13 


2,388 


23.4 
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Table VII.— Con tinned 
B. — Compreetion ifembere. 







Uppkh Chord. 






Braces. 




No. 
paneL 


















Strain. 


No. 
piewa. 


Ultimate 
atrength. 


Factor 
of aafety, 


Strain. 


No. 
piece*. 


Ultimate 
streugtb. 


Factor 
ofaafety. 
















445,704 
445,704 




S 


116,860 


3 


316,666 


3.7 


223,778 


6 


3.0 


3 


106,350 


3 


316,690 


3.0 


179,907 


4 


397,136 


1.6 


4 


303,699 


3 


335,035 


1.6 


138,113 


4 


397,136 


3.1 


5 


172,196 


2 


333,400 


1.4 


96,518 


3 


SSS,WZ 


2.3 


6 


248,750 


3 


358,380 


1.4 


59,148 


3 


233,852 


3.8 


7 


900,415 


S 


233,400 


13 


25,033 


3 


148,568 


0.9 


8 


197,250 


2 


233,400 


1.2 


20,997 


2 


148,668 


7.1 


9 


253,835 


3 


358,380 


1.4 


69,178 


3 




3.2 


10 


164,237 


2 


233,400 


1.4 


106,549 


3 


22a,S>2 


2.0 


11 


202,994 


3 


.325,035 


1.6 


143,918 


4 


2ffr,136 


2.0 


12 


9&,i>65 


2 


216,690 


2.3 


184,533 


4 


297,136 


1.6 


13 


114,943 


3 


316,665 


2.7 


200,280 


6 


445,704 


3.3 






2 






340,893 


6 


445,704 















No. paneL 


Strain— lbs. 


No. pieces. 




Strain per hq. 


Factor 
of safety. 


1 

3 


186,490 


2 

3 


35.78 


4,907 


7J3 


3 


107,030 


3 


18.25 


6,865 


6.1 


4 


314,060 


3 


27.38 


7,818 


4.6 


5 


176,140 


S 


31.44 


8,169 


4.4 


6 


883,710 


3 


33.75 


7,784 


4.6 


7 


304,330 


2 


31.44 


9,530 


3.8 
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No. panel. 




No. pieces. 


Area— eq, in. 


Strain per ea. 
incli-Obs. 


Factor of 
e-fety. 




865,096 


6 


56.35 


4,704 


7.6 




225,a74 


6 


66.35 


3,996 


8.0 




187,379 


4 


37.56 


4,990 


7.2 




161,410 


4 


37.56 


4,031 


9.0 




117,360 


3 


28.17 


4,168 


8^ 




85,243 


3 


8liI7 


3,026 


11.B 




55,057 


3 


18.78 


S.93S 


1^3 



The factor of safety as givflo in the foregoing tables is the ratio of the 
working or actual strain to the ultimate strength of the members sus- 
taining the strain. There is some difference in the practice of difierent 
engineers as to the value which should be assigned to this factor. The 
most common practice in bridge building is to require that this factor of 
safety shall be five, that is to say that the ultimate capacity or breaking 
limit of strength of each member shall be five times the greatest strain 
that can possibly come on that member. 



C0NCLTT8I0HS. 

In tne result of these calculations it will be observed — 

First. That the factors of safety are extremely irregular, and vary 
through a wide range. 

Second. That all the tension members have very large factors of 
safety, and were abundantly able to sustain all the strains that could 
possibly come upon them in this bridge. 

Third. That all compression members, except the counter braces, are 
deficient in capacity, having very small factors of safety. 

Fourth. Table VIII shows the factors of safety based on the ultimate 
erugfting strength of the metal, without taking into account the tendency 
to flexure in a long column. Upon this hypothesis the factors of safety 
are shown to be reasonably large, and correspond more nearly with the 
&ctors for the tension members ; and it may be that the original calcu- 
lations were made on this fallacious assumption. 

Fifth. Considered with reference to the location of the break, it ap- 
pears that the weakest point, as to the braces, was in the third panel, 
and that the weakest point in the top chord was at the center, though the 
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top chord, at the point of failare, doea Dot show a state of eecurity much 
greater than that of the braces. 

The probability iB that the braces failed first, and thereby involved the 
failure of the top chord also. But inasmuch aa both members were weak, 
and both were involved in the break, it is of little importance which 
member took precedence in the failure. The factors of safety throughout 
the compression members were so low that failure must have followed 
sooner or later. 

If the several groups of beams composing the braces and top chord 
had each been combined into a single member, by riveting on to their 
flanges a eyatem of diagonal plates — say three and a half by half inch — 
running alternately from right to left and from left to right across the 
entire group, the bridge would have been abundantly safe. This arrange- 
ment would have made each group strongest iu the lateral direction and 
weakest in the direction of the webs of the beams; but in this direction 
the beams, offer about five times the resistance that they do laterally. 
The top chord members could then only deflect in single panel lengths, 
and on that account their strength would have been etiU further in- 
creased — twofold. The result would have been that the factors of safety 
given in the tables would have been increased^tie times for'the braces and 
ten times for the chord. They would have been so excessively strong that 
much of the material might have been omitted. 

There were several other defects in this bridge, some of which have 
been already incidentally alluded to, but which we do not regard as causes 
of this disaster. 

Prominent among these is the error in placing the lateral stmts of the 
lower system at the wrong panel points. The effect of this error was to 
make both the sway rods and lower laterals almost, if not wholly, inop- 
erative. 

Another defect was the absence of any provision for retaining the 
braces in their places on the angle-blocks. Such provision hod been 
originally made by means of raised lugs on the faces of the blocks at the 
corners of the flanges of the braces. But in changing the positions of 
the braces these lugs were removed, and no substitute therefor was pro- 
vided. This allowed the braces to slip from their places, and make the 
already imperfect bearings still more defective. 

Again, all of the bearings on the angle-blocks should have been 
planed off to true and even surfaces. 

Had the lugs on the upper angle-blocks formed a continuous riband 
aU the members of the chord been made in single panel lengths, abut- 
ting against thei'e ribs, the strains would have been distributed equally 
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to the five members, and the ultimate strength would have been a little 
more than doubled, because of the ehorter length. 

We would further add that the material in thie bridge, eo far as we 
were able to judge, appeared to be of excellent character, and, excepting 
the brace bearinga, the workmanahip was very superior. 

Besides the breaks already described there were others of leaser im- 
portance, which were evidently the lesult of the general crash, and not 
in any way th« cauae. Among these we may note that many of the 
sway rods weni broken square off in the screw-thread at the turn buckle. 
This must of necessity have been the case. After the failure of the 
south trues, the entire weight of that truss would be thrown, with a 
severe shock, on the sway rods running from the lower south chord to the 
upper north chord. These rods were seven in number and one and a 
quarter inches in diameter. It requires no calculation to be able to say 
that they would snap like pipe stems, and the break would naturally 
occur at the screw-threads where the rod was weakest. 

As to the adaptability of the Howe truss type of bridge for execution 
in iron, we would say, speaking generally, that any ordinary type of 
bridge can be made abundantly secure, in either iron or wood, if the re- 
sisting material is properly proportioned to meet the several strains, and 
the workmanship is properly executed ; and that a failure to provide suf- 
ficient materials in any one or more members would be equally fatal in 
any ease. The relative merits of the several typea of trusses depend 
chiefly on questions of economy of construction. The Howe truss type 
would not be as economical in iron as some others; but if built of proper 
strength in all its members, would be a good and serviceable bridge. 

In conclusion, we would say that we find nothing in this case to jus- 
tify the popular apprehension that there may be some inherent defect in 
iron OB a material for bridges. The failure was not due to any defective 
quality in the iron. It was not owing to the sudden effect of intense 
cold, for failure occurred hy bending, and not by breaking. It was not 
the result of a weakness gradually developed after the erection of the 
bridge. It was due simply to the fact that it was not constructed in ac- 
cordance with certain well established engineering principles. We find 
no evidence of any weakness which could net have been discovered in 
the plan and avoided in the tonstruction. 

Respectfully submitted. B. F. Bowen, 

Thos. H. Johnson, 
John Qbaham, 

Civil Engineers. 

January 30, 1877. 

3ad 
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Clbvbi^HD, Orio, FO/ntary 13, ISTT. 
Gborgb L. Convkrsb, ES(t., Matia- Oaieral AMembly, Colmniiu, Ohio : 

In reply to your favor of the 7th Inst., I would say thftt prior to 1858 we tiad on the 
Brie DiviBion (between Erie wad Cleveland) no engines weighing more than twenty-six 
tone. We have now eight weighing lees tbkn twenty-four tons, and 106 weighing from 
twenty-fonr to thirty-six tons, the increase from twenty-six: tons being as follows : In 
1852, one 37-ton and three 38-ton engines ; in 1855, fonr 30-ton engines ; in IS^l, two 30- 
ton engines ; 1007, two 30-ton engines ; 1869, one 31-ton engine ; 1870, three 33-ton eu- 
^db; 1971, fifteen ftoni 33 t« 35 tons; in 1973, thirteen fVom 34 to 35 tone; in 1873, 
nine horn 35 to 36 tons ; in 1874, Ave 36-ton engines were pnt apon the load. 
Very respeotfoUy yonn, 

Jambs Sedoley, 
Sen'f Itaiier Mediamio. 
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REPOET OF ALBERT S. HOWLAND. 



To the Joint Cotnmitlfe of Ihe Senate and Eou»e of E^raeniativei of Ihe State of Ohio : 

In the following statement, containing the results of my exaraiDations, 
which occupied about a fortnight, I give : 1st, a description of the bridge ; 
2d, my calculations of the strains due to the load at the time of the failure, 
and the metal to meet them; 3d, my opinion of the defects and cause of 
failure. 

First — Dbscriftiok op the Bmikib. 

The point where the bridge spanned the stream is about one thousand 
feet east of Ashtabula station. On either side of the stream the approach 
is by a high embankment. From the end of the embankment a viaduct 
arch reaches to the abutment with a span of about fifty feet. 

The abutments appear to be very substantial.. The bridge seats are 
four by seventeen feet, and the back walls twenty-one feet six inches 
high and seventeen feet wide, corbeled out three feet on each side near the 
top. From the water level to the bridge seat is forty-three feet, and to 
grade, when the bridge was standing, about sixty-six feet. From the 
bridge seat down, the batter is about two feet. At water level the abut- 
ment is twenty-three feet long. 

Just south of the abutments aud on a line with them are old piers, the 
east one about forty feet high and the west one about fifteen feet. Th« 
intervening space of iifteen feet is occupied by walls about ten foet hi^h 
catching the foot of the dumps. 

There appears to have been no grade in the vicinity of the bridge. To 
the east the track curves to the right with a radius of about eight thou- 
sand feet, the tangent point being at the east abutment. To the west 
the line is straight. The only original plan of the bridge that I have 
seen, and the only one in existence, to my knowledge, is that made by 
Mr. J. Tomlinson. It does not give dimensions, and is on too small a 
scale to show details well. In several important particulars the plan 
and structure do not correspond. 

The bridge carried two tracks, and consisted of two Howe trusses en- 
tirely of wrought iron (except the angle-blocks and some minor details), 
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supporting iron floor beams on which rested wooden track etringers, with 
a deck of oak plank. 

Clear apno 150 ft, 

Span, out touut of bottom chord 156 ft. 

S|iaD between back walls . 158 ft. 

DistADce between trusses, center to center 17 ft. 2 in. 

D(^lt(b of trass, oat to out of aiiKle-blocks 19 ft. 4) in. 

Depth of truss, ceiiter to center of chords 19 ft. 9 in. 

Panel longlh 11 ft. 

Gauge of track, center to center of rails 5 ft. 

Distance between Inoer raits, center to center 7 ft. 2 in. 

The panel between the east abutment and the 'first set of vertical rods 
I designate as panel 1 ; the next as 2, and so on. 

The angle block at the bottom of the first set of vertical rods I call bot- 
tom angle block 1 ; the next to the west 2, and so on. 

The angle block at the top of the first set of vertical rods I call top an- 
gle block 1; the next 2, and so on. 

The braces are distinguished by the number of the panel in which they 
belong, and also as mains and counters. 

The top chord was composed of five lines of 6-ineh I beams, spaced 
about 7J inches, centre to centre, each beam teaching two panels. Three 
feet from each panel point the I beams were connected by a §-incb bolt, 
with ca^t spools or distance blocks 1^ inches in diameter at shank, and 2^ 
inches at ends, and 6 inches long. The ends of the beams are planed. 

The top angle bloc'ks were cast with lugs projecting from the top; the 
lugs are If or If inches thick, 6 inches high, 5 inches wide crosswise of 
the chord at the top,' and 5f to 6^ inches wide at bottom. They have 
planed faces Top angle blocks one and thirteen bad lugs 2 inches thick, 
backed by ribs 2 inches thick. The odd numbered top angle blocks had 
three lugs, one at each end, and one at center. The even numbered blocks 
bad two lugs. The spaces left between the lugs for the alternate I beams 
were 8^ inches. These lugs gave bearings to the different lengths of chord 
beams, and served to transfer the horizontal thrust of the braces to the 
chords. 

The second and fourth lines of I beams passed through the end angle 
blocks to recesses 2 or 3 feet wide in the back walls of the abutments, 
and there took bearing on rollers 20 inches long and 3^ inches in diameter. 

The bottom chord consisted of five lines of bars, each 5xlg inches thick, 
some being slightly thicker, laid flat, side by tiide, with spaces for the ver- 
tical Toda. Each line consisted of two bars, except that the third line 
dropped the bottom bar in two panels and part of the next panel at each 
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end, and the second and fourth lines dropped the hottotu bars in three 
panels and part of the next at each end. At each panel point a lug 
5x3x1 inch was weld<>d to the upper surface of the bars. These lugs 
fitted a corresponding groove in the bottom angle block. The bara 
were made in lengths reaching three or four panels. They were spliced 
by hooks 23 inches long, the shanks being 13x5xl| inches, and the 
heads 5x5x2| inches. The ends of the bars were carefully shaped to cor- 
respond, having heads5x5x2| inches, the remaining 3 inches of the 13-inch 
shank being left for a lug welded to the unspliced bar. Over each end of 
the hook, which was slightly beveled, a band of bar iron 3Jx3f inches 
was driven, clamping the hook and the spliced and unspliced bars firmly 
together. In those panels where the bottom bar of a pair was dropped, a 
similar device was employed, the end of the bar being forged to a hook 
shape, and clamped against a lug on the other. At the ends of the truss 
the bars weTe shaped as for a splice, the hook being on the upper side, 
the bottom bars projecting beyond and receiving the upper ones, and these 
in turn receiving the skew back or half angle block. At the west end 
the bottom chord rested on several pieces of railroad iron placed trans- 
versely ; between these rails and the masonry was a piece of f-inch boiler 
plate. At the east end the bottom chord rested on rollers 34 inches long 
and 4i inches in diameter. There are said to have been five to a truss. 

The angle blocks are 33f inches long and 15 inches wide at base where 
they bear against the chord, | inches thick at the edges, and have inclined 
faces 6^ inches wide, the apex is truncated, leaving a horizontal surface 
4^ inches wide. The holes for the tods are in two lines of four each ; the* 
lines are 5J inches apart, centre to centre; the spaces between the holes 
in one line are about 7^ inches, centre to centre; the bearing face of the 
block is thus diminished by nearly the area of the holes. 

The only projections on the face are lugs (generally in the form of an 
angle to receive the corner of the braces), one-half inch thick, one-half 
inch deep, and one and one-half inch long, each way ; a large part of 
them have been entirely, and others partly chipped off. The location of 
the remaining is suited to receive the end of a brace measuring six 
inches horizontal, and five inches on the incline. The width of two 
inches along between the lugs was planed; the rest of the bearing was 
apparently chipped. 

The vertical tie rods are in sets of eight at each panel point ; they are 
round and are upset. Their washers are thirty-three and three quarters 
inches by five inches by one inch, and take bearing on the I beams of 
top chord and flat bars of bottom chord. 

The braces are six inch I beams, twenty-one feet six inches long, with 
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planed ends, and placed with web in plane of truss. The inaina and 
counters are clasped at their intersection by a yoke composed of two one 
inch bolts and two washers, two and one-half inches by seven-eighths 
of an inch ; the yokes have cast-iron packing pieces, one-half inch thick, 
with holes at the ends for the bolts, and projections one inch thick be- 
tween and near the holes to bear against the flanges of the I beams. 
Each of the end braces is connected at its centre to the first bottom angle 
block by three rods, one and three-quarter inch diameter, each rod in a 
cast-iron tube, two and one-eighth inch and three and fire-eighth inch 
in diameter, the ends of the rods being tapped into the block. In addi- 
tion, there is a rod on each side of the three, running to a stirrup just 
under the bottom chord beyond the same angle block. The rods have 
washers and nute to clamp the brace. 

The track was spiked to a floor or deck of two and three-quarter inch 
by five inch oak plank, twenty-five and one-half feet long, spaced one 
and one-half inches ; the rails were connected by fish-plates, with two bolts 
at a joint. The outer rail, directly over the axis of the truss, was car- 
ried by a stringer composed of one stick seven by twelve inches, and one 
stick six by twelve inches ; the inner rail by a stringer of one stick seven 
by twelve inches, and two sticks six by twelve inches. Between and near 
the rails of each track there were iron guard rails. Along under the ends of 
the floor plank was a stringer, six by twelve" inches, and bolted down to 
this and the floor beams under it was an oak guard rail, eight and one- 
hai f by eight inches, on the plank flooring. There was a pair of these bolts 
.at e;ich end of each floor beam, having a washer seven by two inches by 
one-half inch, clasping the floor beams; sometimes there was a block of 
wood between the floor beam and washer. These bolts, so far as I could 
find out, were the only fastenings between the wooden floor and the iron 
floor beams. The stringers all rested on iron floor beams of I section, 
eix n^heBhigh; the floor beams rested directly on the top chor(^, and were 
located at points one foot ten inches and five feet six inches from each 
panel point; thus there were three floor beams to a panel. There were 
riveted to the bottom flange of the floor beams along the inner edge of 
the top chord, pieces of bar iron, four inches by three inches by one-half 
inch, to hold the trusses apart. Stirrups, passing over the floor beams 
and down between the outer lines of the top chord I beams, held the 
floor beams down to the top chord ; the stirrups were of bar iron, one and 
three-quarter inches by three-eighths inch ; each took bearing against the 
bottom of the top chord by two cast-iron washers, five by two and one- 
fourth inches, having a thickness of one inch, but reduced to five-eighths 
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oi an inch at each end, to form ehouldere tbat received the flanges of top 
chord I beams. 

The rolled beams used in the structure for compreBsion members and 
floor beams are six inches high ; the webs from three-eighths to one inch 
thick ; the flanges from four to four and one-fourth inches wide, with a 
thickness of about one-half inch at the edges, and one and one-eighth to 
one and three-eighths inches at the intersection of their inclined faces 
with the axis of the beam. 

The area of cross section I make to be eight square inches for three- 
eighths inch web, and eleven and two-tenth square inches for one inch 
web. 

The floor beams, I find, have a five-eighths inch web. 

How the beams of the top chord were arranged with reference to their 
thickness, I have no means of ascertaining, nearly all having been re- 
moved from their position when I first saw the wreck ; probably it would 
have required great pains to determine this at any time since the bridge 
fell. With the aid, however, of the bill of iron and measurements of a 
few whose positions I knew, I have made out the probable arrangement, 
which I give in a table. 

In case of the braces the bill of iron gives the thickness of web of the 
beams and their respective numbers, which correspond with the lugs on 
the angle blocks. These indications point to the following as the arrange- 
ment originally designed. It does not include the beams added when those 
already in were turned to bring their webs instead of their flanges into 
the plane of the truss. 



Panel. 


Uaih Bracbs. 


COVMTBRS. 


Nnmber. 


Web. 


Number. 


Web. 




4 
4 
4 
4 
3 
3 
3 










1 
1 
1 
2 
3 
9 

















The cross sections of the beams as they were when the bridge was last 
painted, are in many cases pretty accurately shown by the angle blocks 
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against which the braces bore, I took many meaBureinonts of theae, 
notiog their location in the trusses. These indications, together with 
meaaurenaents that I wag able to take of a few braces whose location in 
the truss could be inferred from their position, or other circumstances, 
point to the following conclusions ; 

1. That but little attention was paid to tha thickness of the web in 
selecting beams for particular panels. 

2. That so far as thickness of web was regarded, the heavier beams, 
with some exceptions, were selected for the central point of the truss. 

3. That the beams in the panels each side of the centre, were mostly 
of about f inch web. 

4. That the iirst or end braces had about J inch web. 

5. Thatthe86beamsBaidtobeof finch web in bill of iron, were mostly 
used in bracing the remaining panels, and that their web was rather 
thicker than f inch. 

Accordingly, I have assumed for the brace beams, the thickness shown 
in the table, as the best approximation to the actual arrangement now 
ascertainable. 

The floor beams served for struts in the system of top lateral bracing. 
The diagonals were 1} inches round iron flattened to 2^ inches x ^ inch at 
the end, where a head was formed 2^ inches x 2 inches x 1 inch. The end 
of the rod fitted a recess in the top of the top angle block, giving a flush 
surface for the bearing of the top chord on the top angle block. The inter- 
section of the directions of the diagonal rods, is at the outer end of the angle 
block. 

They had turn-buckles for their adjustment, and were not upset. They 
had a reach of two panels, and had their attachment to the chords at 
panel points one, three, five, etc, to thirteen ; thus there were six pairs 
of rods. 

In the system of bottom lateral bracing, the diagonals were flat bars 
2Jxi inches, with heads 2^xlxlJ inches, or If inches. They were attached 
to the chord in the same mauner as the top laterals, and &t the corres- 
ponding panel points. There were also diagonals of the same size for the 
end panels, reaching to the half -angle-blocks at the abutments. The 
pair at the west end appear to have been cut for the purpose of length- 
ening them about J inch, and to have been spliced, each, with a short 
bar of the same section, fastened by a f inch bolt at each end of it. 
None of them were adjustable, so far as I observed. The struts of the 
system were railroad iron, 4J inches high, and with a 4 inch base. At 
certain panel points, the washers at the lower ends of the vertical truss 
rods projected inward about an inch from the bottom chord ; the ends of 
the struts rested on these projections; holes through the washers and 
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base of the rait received a Btirrup, passing over the head of the rail and 
fastened with nuts under the washers. Thfise struts were located at the 
following panel points, viz; Taio, four, six, eight, ten, twelve and thir- 
teen. Each, therefore, crossed a pair of the diagonals at thxir intergeaion 
between the chords, except in case of the strut at thirteen. 

The vertical sway-braces were IJ inches round iron, adjustable by turn- 
buckles and not upset. The ends, for a length of about 5 inches, were 
flattened to 2^x^ inches, and this part bent to the vertical. At the tip, 
a hook was formed, SJxlz^ inches. This hook, with a part of the shank, 
was received by a corresponding recess on the outer end of the angle- 
block, and held in place by a f inch tap-bolt through the shank. When 
in place, the flat end of the rod was flush with the end of the angle- 
block. 

Second— Strains and Mbtal to Mbrt tkbm. 

By an approximate estimate, sufficiently close for the calculation of 
the strains, I make the weight of the structure to be 3,200 pounds per 
lineal foot of bridge, including the flooring 

The average weight of the engines, Socrates and Columbia, which 
drew the train at the time the bridge fell, is said to have been 110,000 
pounds each, including tender, etc., 44,000 of which was on a wheel base 
of 8 feet. The length I take to have been 52 feet, in accordance with my 
measurement of an express passenger locomotive in Use on the road. 

To ascertain with exactness in what ratio .the weight of the engine 
would be distributed, by means of the stringers, floor-beams, and top 
chords, to the different panel-points beneath it, is, of course, out of the 
question. I make the assumption, which T think is a close approxima- 
tion, that the effect of an engine and tender upon the two trusses, was 
eQuivalent to a moving load, uniformly distributed, of 1,600 pounds per 
lineal foot of one track, accompanied by a concentrated load of 27,000 
pounds in addition. The express car, with its load, following the engine, 
would have weighed less per lineal foot than the distributed load assumed 
for the engines; but, half of its weight being on the forward truck, its 
effect would have been about the same. With a train on the south 
track alone, the south truss would have carried about six-sevenths of the 
train's weight. So I assume that, for the south trues, a train moving on 
the south track alone, the loads under which the bridge failed were as 
follows, viz ; 

Fixed 1,600 ponudB per Uneal foot. 

( Uniformly dtatriboted 1,400 " " " " 

\ CoDcen(nit«d, two load« of Si3,000 pounds each, five panels apart. 
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Top Chord. 
Note. — !□ the table below, I desiguate the different linea of beams in the top chord by 
the letters a, b, o, d, e, from sooth to north, and any one of the slICl^esAiTe beams in eithe' 
of fhosa lines, by the number of the panel poiut at the centre of that beam. 



It 


" 




Amount of Strain 
bkams in thb lines. 


MMiL TO MKBT 
TUB SXRilM. 


11 w 
pill 




II 

1^ 


a, 0, and e 


b and d. 


y 


lis 
III 


ii! 


111 




136,550 
251,130 
313,720 

414,340 
462,9S0 
489,650 


136,650 

114,570 
98,600 
70,(S0 
48,640 
26,670 


















136,650 




3 
3 
3 
2 
3 
2 


•• 


24.0 
17.2 
31.8 
175 
33.6 
17.2 


5,700 
6,700 
7,800 

10,800 
8,300 

12,300 






114,570 






229,150 


3,000 
3,000 




180,190 




277,790 




811,860 


3,000 











Bottom Chord. 





Strain— pounds. 


Nkt SECnoN OF Mbtal. 


Strain— lbs. 
per sq. inch. 


Safe strain 


panel. 


Nnmber of 
bare. 


Dimensions- 
inches. 


Area— aq. 
inches. 


— IbB-per 
eq.incL. 


14 


136,550 


7 


5byl| 


48 


2,800 


10,000 


13 


351,120 


7 


5 by II 


48 


5,200 


10,000 


12 


343,720 


7 


5byli 


48 


7,200 


10,000 


11 


414,340 


e 


Sbylj 


55 


7,500 


10,000 


10 


463,980 


10 


BbylJ 


69 


6,700 


10,000 


9 


489,650 


10 


5byH 


69 


7,100 


10,000 


8 


506,940 


10 


SbyH 


69 


7,300 


10,000 



* I do not think I have seen any top chord I beam no thin as | inch, tpveu in the bill 
of iron. The thinnest were abont ^ inoh ; with this thickness, the unit strain would be 
5,300, instead of 5,700, as given in the table. 
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Verticai. Ties. 







Net Section op Metal. 


Strain— lbs. 
per sq. inch. 


Snfe strain 


set. 


Number of 
roda. 


Diameter- 
inches. 


Arett— sq. 
inches. 


-Jbs.p«r 
sq. inch. 


13 
18 
It 

10 
9 
S 


207,240 
173,160 
140,170 

108,290 
77,500 
47,g00 
20,870 


8 

8- 

8 
4" 

4 

4" 
4 

8 

8 


2 

3 
2 

» 
H 

1* 


&a4 

26.1 
25.1 
S3.6 
17.9 
16.6 
11.1 


7,300 
6,900 
6,600 
4,600^ 
4,300 
2,900 
1,600 


10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 



8 rods 1} inch in 
J 4 roflH IJ inch } 
\ 4 rods 11 inch j 
( 4 rods 1} inch ) 
\ 4 rods li iDch i 



Maik BiucBa. 





Strftin-lbs. 


Section of Mbtal 




Safe strain- 


panel. 


Kumber 

of 
b«uns. 


Thick nesa 
of web- 
inches 


Area-*q. 
inches. 




lbs, per sq. 
luch. 


14 

13 

12 

11 

10 

9 

8 
Coonter 


277,060 
236,850 
197,900 
169,200 
123,760 
88,570 
54,630 
23,850 


6 
6 
4 
4 
3 
3 
3 
3 




51.6 
51.6 
34.4 
34.4 
26J 
25.3 
lt7.9 
19.8 


5,400 

4,600 
5,700 
4,700 
4,800 
3,400 
2,000 
1,200 


1,000 to 3,000 
1,000 to 3,000 

1,000 to 3,000 
1,000 to 3,000 
1,000 to 3,000 
1,000 to 3,000 
1,000 to 3,000 
1,000 to 3,000 



-o eonnt«ra each, and 11, 12, and 13, havo one connter 
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Lateral and Sway Bracks. 

The strains to which these systems of bracing might be subjected by 
the oscillations of a train or other cause are, of course, uncertain. But 
some idea of the strength that should be provided can be formed by a con- 
sideration of the effect of wind pressure. Taking this at 30 pounds per 
square foot, and the area liable to be exposed to it as 10 feet by 140 feet, we 
have 21,000 pounds at each end of the bridge to provide for, acting trans- 
versely and horizontaUy. This alone, without including the sway of the 
train, would require at each end of the bridge aboat three square inches 
of metal in each of the three systems of bracing. 
* Third — Defects. 

The most striking defect, and a very serious one, is the style of strut 
adopted for compression members. The effect of this is seen in the tables 
above, which show, that while the amount of metal in the compression 
members was probably in excess of what would have been required if it 
had been disposed in the most advantageous forme, disposed as it actually 
was, it was in almost every case strained above the safe limit, and in 
very many cases to many times that limit. 

The members of the top chord are plain I beams, connected twice in 
an eleven foot panel by bolts and spools which offer no appreciable re- 
sistance to the beams bending sideways, parallel to each other; they 
only require that the beams shall not bend in opposite directions. It 
may be thought that the floor beams give lateral support to the chord, 
but the floor beams themselves are about as likely to need support in 
that direction as the chord is. It is by means of the floor beams that the 
potential force of the swaying train seeks a resisting point, namely, the 
abutment; and between the train and the abutment the connections to 
resist such force should be complete. 

The members of the braces also are plain I beams, without a hole for 
a bolt or rivet, /a$teti(d to nothing ; not connected to each other except 
at the intersection of the mains and counters by a yoke that could hardly 
fail to wear loose; depending upon each other for lateral support that 
neither should be required to give; with nothing to prevent them from 
bending sidewise parallel to each other. Very slight inequalities iu 
length, such as are indicated by the angle blocks, would give one of the 
beams a tendency to bend in one direction or the other by the uneven 
distribution of the strains which would result. The ^me effect would 
be produced by the unevenness of the hearin-5 faces of the angle blocks, 
which were partly chipped instead of planed, a defect in itself. Proba- 
ahly half of the braces had their bearing area reduced by chipping the 
corners of the flanges where the vertical rods interfered; in many the 



.dbyGoogIc 



46 

half of one flange was cut away ; I noticed odb whose bearing area was 
reduced to one flange and half the web. Among all the beams of the top 
chord and braces that I have seen, there has seldom been one that was 
broken or showed the least eign of a reversed curve. 

Another defect is one that appears in many parts of the structure, 
namely, the dependence of every member for its efficient action upon 
the probability that all or nearly all the others will retain their posi- 
tions and do the duty for which they were designed, instead of giving to 
each member a positive connection with the rest, which nothing but di- 
rect rupture will sever. Instead of being made to hang together, the 
members of the structure rested upon one another. This appears in the 
bearing of the braces on the plane surfaces of angle blocks with nothing 
bat friction to keep them there; in the bearing of members of the top 
chord against the plane faces of the lugs on the angle blocks with noth- 
ing hut friction to keep them in their exact places (there was a limit to 
their possible displacement without rupture by this position between 
the vertical rods, except in case of the outside line of beams which was 
held by the clamp bolts passing through the spools) ; it appears again in 
the connection of the laterals with the angle blocks, which depends up- 
on the angle blocks and chords always remaining in contact. The bear- 
ings of the braces on the angle blocks show displacement in the plane 
of the truss, varying in amount from half an inch to one and one-half 
inches in twenty or thirty cases; one beam was half off the angle block. 
In some cases there was lateral displacement of about one inch. 

Another defect is the use of the top chord as a beam to carry the load 
from the floor beams to the panel points. lu a short panel it might not 
be objectionable to use the chord as a beam, if the chords were deep and 
the size of the section made, such as to provide for both the direct com- 
pression and the compression that results from bending; but these pan- 
els were long and the beams were shallow, and had no surplus metal. 
It would be imposible to tell with any exactness what strain would come 
upon any member of the chord from this cause, for there is no way of 
ascertaining how the stringers and floor beams would distribute this 
weight ; but from the results of several calculations, I judge that in this 
way a single engine would produce more than half the safe strain at the 
center of a panel, and two-thirds the safe strain at the panel point, and 
that, too, without making any allowance for the concentration of the 
weight on the beams at the inner side of the chord, which would obvi- 
ously increase the strain very much. 

Another reason why the use of the top chord to carry the floor beams 
is objectionable, especially where the lateral braces skip every other panel 
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point, is that the chord ie thus made to do duty, agaia, as a beam in re- 
BJsting the bending action of the .lateral force exerted by the swaying of 
the train and the wind . pressure upon it. la this way alone a violent 
wind might strain the chord to about the safe limit. 

The whole system of lateral bracing would have been very weak, eB- 
pecially for a deck bridge in an exposed situation, even if it had been 
constructed as designed. The figures already given show that for wind 
pressure alone, it should have been two or three times as heavy as it was. 
But the efficiency of the bottom laterals on which the whole system de- 
pends was almost destroyed by the splice with a five-eighth inch bolt 
at the point where they should have been strongest, namely, in the 
panel next the abutment; and furthermore, what little virtue there was 
in the five-eighth inch bolt was rendered almost nil by the peculiar ar- 
rangement of the struts between the bottom chords already described. 
It may be said that the wooden floor assisted by the top chord I beams, 
that reach from the first angle block to the masonry, had sufficient rigid- 
ity to give lateral support to the bridge. To this I would say, that the 
elasticity of wood and iron are eo vastly different that they are not 
suited to resist conjointly the same force acting upon them in the same 
manner ; the one being very elastic would be likely to yield a good deal 
before resisting its share of the force, and thus throw the burden upon 
the other. The top chords, with their laterals and the floor beams, form 
R rigid rectangle about twenty feet by one hundred and thirty feet ; this 
it might be expected to stay laterally by the woaden stringers with their 
planking and the top chord I beams mentioned. The stringers, sup- 
posing them to be solid sticks, without keys or joints, would be equiv- 
valent to a beam about four feet wide (vertical) by one foot six inches 
deep (in the direction of the lateral force), and of one hundred and Jifiy- 
eight fed span. The connections between the rigid rectangle and the 
floor beams, and between the floor beams and the flexible wooden floor 
have been already described. How this combination of wood and iron 
would act in transferring a lateral force to the abutments, would be en- 
tirely a matter of conjecture; but, that little should be risked on the 
chance of its acting harmoniously and efficiently, seems plain. Besides, 
the connection between the stringers and the abutments is not likely to 
have been such as should be relied upon to resist much lateral force, ap- 
plied suddenly, perhaps, and attended with vibrations. In this connec- 
tion, it is worth noting that if the bridge depended on the wooden floor 
and the projecting top chord I beams for lateral support, the yielding of 
the wood may have caused the I beams to act as a lever on the chord, 
tending to throw it out of line at the angle block next to the end. 
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Respecting the quality of the metal, little need be said at present, 
pending the testa that are proposed, but it seems to have been good. 
Only a few of the tension members gave way, and some of the compres- 
sion members came out bent nearly double to a sharp curve, without sign 
of fracture at the edge of the flanges, the paint being still on. 

Before giving my opinion of the cause of the failure, I will describe 
briefly the location and appearance of some portions of the ruins, and 
some marks on the masonry. When I arrived at the scene of the wreck, 
the debris and most of the compression members had been removed. 
Some of the trestles used in erecting the new bridge were still in place. 
When these were removed and the ice cut away, the south bottom chord, 
I observed, was lying nearly along the axis of the bridge, slightly con- 
vex to the south, but otherwise quite straight. The north bottom chord 
was in just about its normal position relative to the south chord. Both 
had moved about eight feet east and eight feet north in the fall. At 
the first panel point they were crowded down close to the abutment, the 
ends mostly sticking up. Juat west of panel point twelve, south truss, 
two of the inner bars of the bottom chord were broken. At the ends the 
bottom chords were generally straight, except that at the east end of the 
south truss they were bent, say 10° or 20°, convex up, at three or four 
feet from the end. 

The beams of the south west end brace fell together, the upper ends 
being under the end of the north bottom chord. They were nearly 
straight except as bent by the chord. The seta of vertical ties were gen- 
erally held together by the angle-blocks and washers, and fell as follows, 
viz ; thirteen of south truss were spread out fan-shaped toward the west 
with their heads against the abutment, and the angle-block crushed down 
to the bottom chord ; twelve south fell to the south, its angle- block down ; 
eleven south fell to the north, and uvder the north bottom chord. The 
rest fell north, except a few sets of each truss at the east end. 

The south corners of the west abutment received a severe blow three or 
four feet below grade, breakingofi a cubic yard or so of masonry. The west 
end of the south bottom chord broke ofi* the face of the stone beneath it. 
One or more of the southeast end braces struck against the back wall 
about one foot above the bridge seat, and two leet six inches north of the 
center line of the truss. The faces of the abutments abow but few 
scratches. The lower ends of the first set of vertical rods of the south 
truss scraped the masonry for a few feet near the bottom. 

The second engine, the Columbia, is said to have fallen, bottom up, 
head east, on the west end of the first express car, south of the bridge 
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and near the west dbutmeiit, and nearly all the rest of the train to have 
fallen on the south side of the bridge. 

I think that the failure began In the top chord of the south truss at 
the twelfth angle-block, that ia, at the second set of vertical rode count- 
ing from west to east; that it probably resulted from the buckling out- 
ward of the three I beams which are continuous at that point, under the 
combination of these forces, viz ; first, the thrust due to their position in 
the truss; second, the vertical bending action of the load from the fioor 
beams when the drivers were perhaps astride the panel point, this bend- 
ing action being most severe upon the inner of the three top chord I 
beams, on account of the deflection of the floor beams; and third, the 
horizontal bending action due to the swaying of the train (the eflTect of 
which would be most severe at the west abutment), to the pressure of the 
wind, perhaps, and to the deflection of the loaded truss, an influence that 
always operates in the same direction. 

The movement of the bridge to the north and east, as it fell, seems to 
me very natural from a consideration of the motions that might retult if 
a heavy weight were dropped on a smooth wedge pointed toward the 
south and west. The traction of the engine when the air brake was 
applied doubtless produced part of the effect. 

The position of the southwest end braces, and the eleventh set of ver- 
tical ties under the north bottom chord, shows that the failure began in 
this immediate vicinity; the relative position of train, bridge, and abut- 
ment after the fall, and other circumetances, are in harmony with this 
view. If the failure had been started by the breaking of a lateral or 
vertical sway brace, the end brace and the vertical ties at twelve and 
eleven, would not have been likely to fall alternately north, south, and 
north. If a set of braces had been the first to fail by buckling or dis- 
placement, the washers at the top of the eleventh or twelfth set of verti- 
cal rods would have been bent or distorted, but they were in almost 
perfect condition when removed from the wreck, being only a slight 
bend at the end. 

In case of derailment of an engine, the forty-four hundred pounds on 
the four drivers, falling all at once from the top of the rail to the oak 
planking, would be able to perform about sixteen thousand pounds of me- 
chanical work in deflecting one truss. If the truss had been accurately 
proportioned in all its members and connections for a total load of four 
thousand pounds per lineal foot, and a unit strain of eight thousand 
pounds for parts in tension and corresponding unit strains for those in 
compression, the deflection due to this load would have been about eight 
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one-hundredtbs of a foot, and the work done in producing it, by a load 
acting at the center of the span, would have been about eleven thousand 
foot-pounds. 

From this I conclude that the fall of the four drivers at the same time 
ft«m the top of the rail to the floor at the ceoter of the spaa, while the 
bridge was supporting the rest of its load also, would not have strained 
the structure to more than about one-third or one-half its ultimate 
strength, if all parts had been proportioned in accordance with the unit 
strain of aight thousand pounds for parts in tension, and the unit strain 
for parts in ctanpression had been bo adjusted to their particular shapes 
as to give them the same strength aa the parts in tension. 

In view of the appalling nature of this disaster, it seems fitting to 
state here that Z think there is urgent need of thorough and complete 
experiments on the forms and qualities of iron now used in important 
structures, especially for members subject to compression, such experi- 
ments as have already been inaugurated with the encouragement, to some 
extent, of (he Natioual government. 

All of whioh is respectfully submitted. • 

Albert H. Howland, 

Boston, Mass., Fel>. 12, 1877. dml EngiMer. 



Digitized byGoOgIC 



REPORT OF W. S. WILLIAMS. 



« * ^ The iron in the bridge seems to have been of the best qual- 
ity, and apparently not deteriorated any by use. It shows very little 
crystalline, or, more properly speaking, no granular structure. The I 
beams are laminated, showing that when the iron was placed in the pile 
to be rolled ihere was a layer of cold, short iron to give stiffness and re- 
sist compreflsion ; and a layer of red, short iron to give the fibrous duc- 
tile quality, and so on throughout the entire beam. 

Very few frost brakes were pareeptible in the entire wreck, and in fact 
very few fractures of any kind were seen. All of the forging throughout 
the entire bridge was well done, and showed excellent workmanship. 

Upon an analytical examiaation of the general pean of the bridge, it 
does not show an economical distribution of the iron. In each panel, 
the lower chord as base, the truss vertical rods as perpendicular, then the 
braces would form the hypothenuse of a right angled triangle. Then as 
iron stands a much greater strain in tension than it does in compression, 
or, in other words, to increase the length of a member in tension does 
not weaken it; but just the reverse is true of a member in compression. 
Therefore, we have in this case the braces as the hypothenuae, which is 
the largest side. But at the same time it must be recollected that at the 
time of the construction of this bridge there was comparatively little 
known about pin couplings, and there have been great improvements 
made within the last eleven years in the construction and in the general 
plan and details of iron bridges. 

As to the amount of material in this bridge, the lower chords and the 
vertical rods show a large excess, The upper chorda show somewhat of 
a deficiency; while the weakest point as to the amount of material, seems 
to be in the braces in the third and fourth panels from the abutments, 
the fourth set of braces showing a factor of safety of two and one-half. 

The lateral bracing in this bridge waa very deficient, for the following 
reasons : The vibratory and bottom laterals were attached to the trusses 
at points where there were no streets, the streets being at points where 
the lateral rods crossed each other, with the exception of one at the west 
abutment that was in its proper position. 
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Aa to the appearance of the wreck, the whole bridge seems to have 
been thrown to the north-east, with the lower chord, of about one panel 
length, doubled up agaloet the east aoutment. 

It appeared that the third and fourth eet of braces in the south truss, 
near the west abutment, was bent laterally, and was thrown about pro- 
miscuously. The second set from the west abutment was buckled as a set 
complete, with the yoke about them entire and unbroken. The first act 
at the west abutment had fallen under the lower chord of the north truss, 
and no bind in them except where this chord had fallen upon them. As 
to the vertical truss rods in the south truss, near the west abutment, the 
first, second, and third cast-iron tap block had fallen down on the rods, 
and were resting against the lower cast-iron brace blocks. The rods above 
these brace blocks were twisted and bent. Two sets of these rods had 
fallen under the lower chord of the north truss. 

As to the probable cause of this bridge giving away, it would seem that 
from the length (rf time it has been in use, and by referring to the strain- 
sheet, hereto attached, it would appear that there must have been some 
UQUSual and extraordinary cause, or combination of causes, that would 
have produced this reauU. 

From the manner this bridge was braced laterally, in case a vibration 
was produced from any cause whatever, it would not be taken up by the 
streets and rods and neutralized, but would be carried along the entire 
truss, increasing in force until the abutment was reached. 

This bridge was over a ravine about two miles from the lake. At the 
lake this valley is about one-half mile in width, and at the bridge about 
the length of the bridge. Hence, it is funnel-shaped, not unlike k hori- 
zontal section of an inverted hollow cone, with ils base toward the lake. 

Gen. Meyer, Chief Signal Officer of the United States Army, says that 
between eight and nine o'clock P.M. the velocity of the wind between 
Erie, Pa., and Cleveland, Ohio, was from twenty-four to fifty-four miles 
miles per hour ; and that it was probable that at the bridge there was a 
concentrated force of wind exerting an upward pressure against the 
closely laid floor of the bridge, and a direct pressure against the train 
all acting as a lever tending to crush the south truss. 

On that evening, the train came on to the bridge on the south track, 
over the south trues, laboring through the deep snow. It is immaterial 
whether the forward engine suddenly put on all of its steam, and the 
second one the air-brakes, or whether the wind was twenty-four or fifly- 
four miles per hour, or whether it was one or all of these forces combined, 
or from any other cause, if there was a sufficient amount of oscillation 
produced, the lateral wave would increase in violence toward the west 
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butment, and the strains would naturally acmimalate in the braces 
toward the west abutment io the south truss. Then, as each brace acts 
iieparately, and, to a certain extent, independent of all others, and at 
these poiate where the resultant' force had bo accumulated, ^e braces 
would bend laterally, one by one, in detail, and yet the whole set almost 
simultaneously, and allow the top brace-blocks to fall down against the 
lower brace-blocks on the vertical rods. And thue the train would be 
thrown to the south, and the bridge go down. 

Now, had this been a single track bridge, the lower chords would have 
received equal strains in tensk>n, and there would have been very little 
oscillation, and very little later^ bracing required between the lower 
chords. Or, on that double track deck Iwidge, had there been two trains, 
one on the north track and one on the south, both c€ the lower chords 
would have been io tension, and the rectangular position of the trusses 
to each other would have been maintained, very little vibration would 
have taken place, and, in all probability, the bridge would have been 
standing to-day. 

If the braces of this bridge had been latticed, they would have given 
different results. As it was, they acted separately and independent of 
each other, and if the number had been increased at the points shown to 
be weak, it wonld not have made the bridge secure. 

Although the tc^ chord shows no lateral bending of the I beams 
between panel points, yet at the same time they should also have been 
latticed. 

For the information of your committee, a strain-sheet of the wrecked 
bridge is hereto attached. 
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Maximum stntinii aeBnmiiig live load to be 4,000 pounds per lineal foot 
and dead-weight being 393,122 pouods. Panel Load, live and dead, 18£Q 
tons. 
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No. of panel. 


Total Btwiu, 
iu tons. 


Total area 
of brace. 


Strain in 
per »q. inch. 


Factor 
of 

Bafoty. 




134.70 
114.90 
95.97 

77.96 
60.8& 
44.64 
99.34 


66.6 in. 

57.6 

36.9 

S6.55 

26.55 

26.55 

S6.55 


3.022 

2. 

2.B 

a.93 

itJS 

1.70 ' 

1.10 

































No. of panel. 


Total etraiif, 

iUtODft. 


Ana of 
beam. 


Strain in 
compregeion 
per sq. inch. 


Paetor 
of 

Bafoty. 




66.06 
121.96 
167.6& 
203.26 
228^ 
243.91 


45.76 iu. 

46.76 

49.50 

&4.10 

60.90 


1.44 
3.66 
9.38 

:t.75 

i.75 

































Bottom Cikhui. 



Ko. ctf' panel. 


ToUUtTMD, 

in tons. 


Area of 
beaut. 


Strain in 


Factor 

of 
aafelj. 




66.06 
131JW 
167 J© 
203.26 

428.67 
843.91 
848.99 


iStin. 

48* 

55. 

68.76 
68.75 
68.75 


1.378 
a.53 
3.49 
3.70 
3.32 
3.55 
3.60 • 






II. 
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Truss Rods. 



No. of paueL 


Size. 


Area. 


Strain per 
inch in tons. 


Jnchea in 
exoesa. 


Factor 

of 
safety. 




a. 

li 

H 

1» 


28.68 
25.39 
22^ 
1B.44 
16.76 
18.76 


3.48 
3.S4 
3.00 
2.72 
2.31 
1.52 


11 





























There is a large ezoeas of matailal in the lower chord. 
Fob BnzuuNa Load. 
30 tons were taken as the teDslle Btrength of iioa per inch. 

DEFLKcnNo Load. 
7.S6 tone weie taken fbr I beams 21.5 feet x .5 in oompreasion inin pet inch. 
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Respectfully submitted, 
Canton, Obio, Februarg 14, 1BT7. 



W. S. W1LLU.M8. 
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TESTIMONY OF M. J. BECKER. 



M. J. Becker testiSad as follows : 

Q. B; Mr. CouTeree ; Please atnto yoar name, age, residenoe, oad profesaion, 

A.. Name. H. J. Becker; age, 49 yean; civil engineer by profesgion; lesidenoe, P\tta- 

Q. What experience have yon bad in engiiieeiiDg T 

A. I have been practicing the profeasioa with, perhaps, the Intermiuion of two or 
three years, for the last thirty years coDseoatively. 

Q. Where have yon practiced it, and how are yon now engaged T 

A. I commenoed the practice of engineering in Europe, and after coming to this 
coantry, at the age of twenty-one, I became engaged, in a very short time after my 
arrival, on the old SteubeoviUe and Indiana road, which is now a par^ of the present 
Fittsbarg, Ctncinnati and St. Louis road. I was then employed as a draftsman for a 
short time, and afterwards as ae-iistant eogioeer in oharge of conatraotioo and apon 
location of lines; and trum that time to the pre»ent I have been almoat uuinterrnptedly 
engaged on that line of railroad. For the lost l«n years I have l)een its chief engineer. 

Q. What do yon mean by thnt line T 

A. I mean the line of raih'oad oommonlj knowii as the Pan-Handle. 

Q. Yon may state whether ^ou have mode the snbjeut of engiitearing a, study, om- 
hnuiing not only the practical part of it, but the scientific priuoiples npon which it 
resist 

A. I was educated for that pnrpose. I have devoted almost my entire time and at- 
tention to the acquirements of the theoretical knowledice, and in the employment of my 
profession I have had opportnntties far practical experience. 

Q. If yon have a span of 154 feet for the construi^tion of an iron bridge, panels of 
eleven feet, vertical depth of twenty feet, width abont twenty feet, two trusses, and you 
And the braces in such a bridge as that composed of iron beams known as I beams 
twenty-one feet long, obliqne, six inches by four, and suppose that the braces were com- 
posed of a number of such I beams, fastened only with a stirrup in the center aroond 
the counters and main braces, the stirrup to be composed of inch iron ronud bar, how 
would you calculate the strength of such a beam T I mean, how would you calculate it, 
as a beam twenty-one feet long or as a beam one-half that length 1 

A. Taking the situation as presented, I would, in calculating the necessary dimen- 
sions of such braces, tieat the columns as twenty-one feet long, and compute the neces- 
sary sections from that asBumpCion. I wouldn't consider the mere strap, winding around 
and fastening in the center at the point of intersection of the main braces with the 
counters, alone as a sufBcient safeguard against Sexnre in the middle. There is nothing 
to prevent the entire system, strapped together as it is, ttom yielding, at leost in a lat- 
rral direction, from right to left, or vice versa, whenever a strain becomes sufficient to 
' lUse that lateral yielding. The straps might possibly prevent a tendency of movement 
i . the direction of the bridge, bat it wouldn't prevent any lateral movement bodily. It 
might also prevent a separation of the parts composing the struts by the yielding of the 
members outwardly. What I mean Is this ; Supposing, for instance, that the pressure 
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Applied OQ the top of the onlnmn n-onld act in % direct lioe, and perAictly pacftllel to the 
memlwre compoaing the column, and that the preaeDrB would be safBcieiit to spread the 
membBTB by liulgiog m the mjdille of their length, one-half of them bending to the right 
and the other half to the left ; in each a case, the strapping aronnd the point of interseo- 
tlon might act as a preventive; but if the preaBore on top wan any way obliqne, tending 
to force the entire column bodily out of line, snoh strapping would, in my opinion, not 
be snEBcient to prevent it. At any rate, 1 do not think it safe to take the effeotivenese 
of these atrapa into aaoonnt in calculating the relating power of the oolamn, and I 
would treat theae braces oa being of twenty-one feet length, and unprovided in the mid- 
dle with meana to prevent lateral flexure. 

Q. Shall we Dndentand yon to say then, that while sncb an arrangement around the 
oentie braces might tend somewhat to atrengtiien them, yet a prudent engineer would 
not rely on such an arrangement to prevent doftection, and wonlil not calculate upon itt 
A. I do not wish to be understood ss saying that these straps were wholly and entirely 
useless, fi)r if I were asked the qnestion tvhether they would resist a tendency to sepa- 
rate the members and prevent their bulging and spreading outwardly, I would be oom- 
pflllcd to ansiver that they would resist auch a tendency, provided the line of pressure 
was perfectly parallel and coincident with the members of the brace ; but it would not, 
in my opinion, be safe nur prudent to preaume apon the chancca of anoh a contingency. 
If the presanre would act in an oblique direction with sufficient force to deflect the brace 
to one side or another, the entire system woul 1 be poshed out of place together, braces, 
straps, and all. A prudent engineer sbould provide in his calculations for the extremest 
oases Ihsit might arise, and not preaume upon any donbtfnl cbancee in lavor of security. 

Q. What would you say as to the propriety of building a bridge for railroad travel, 
and over ench a chasm as I have mentioned, to nse oblique braces of wrought iron 1 la 
that in accoidanoe with the highest skill of engineers 1 

A. Well, I baTC never seen braces of wrought iron nsed In that form, at least not 
without Boch a connection of all the parta, betweeu each other, as to aot as one united 
strut or beam. Whenever wrought iron ia used in the form of channel bars or I beams, 
they are always. In well-constructed bridges, bound together, generally with diagonally 
arranged lattice-work, forming a triangular system of bracing, ao as to aot unitedly and 
to bring the entire surface Into play. 

Q. That would make eaoh brace u truss of itself? 

A. Tea. 

Q. What is your recognized formula for calculating the strength of a beam such as I 
have mentioned — an I beam six inches by fonr T 

A. Well, there is a formula used in this connection that provides for the reaiatauce to 
oroshing, in connection with the tendency to lateral flexure. It ia an old formula, that 
answers in most casea, called Gordon's, which takes into account both of these elements, 
but thero are other formulie, that have been developed &om experiments made with 
the different forms of iron, and each form has a faat«r of its own, so that there is no one 
particular formula that applies to all cases. If a strut ia mode of hollow cast iron, oir- 
enlar in form, one formula might apply ; another would apply to a square, and solid. 
There ia no one particular form that would apply to all the oaaea, but in every particular 
instance this item of flexors most t>e taken into consideration, In such lengths of beams 

Q. What is the dimension and strength as compared with the length of beam f 

A. That depends, to a considerable extent, upon the form of the beam, 

Q. Suppose yon take an I beam form, con you give ns any authority, or fonnola, or 
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definite statement as to the manner in which this oalcnlatlou <Ma be mode ait to the 
Btrengtb of iJie hrikces, conHideriiig its length and eize T 

A. I conldn'C give ;oa aiiy positive funnula that would apply to this case, without 
tefeniug to some books and see jaat wha't formnla to apply ; but the effective strength 
dimininhea as the length increuies. If you take a piece of plank two inches by twelve 
inches, and twelve feel long, and apply a weight on top, yon will find that that board 
will sooQ begin to bulge ont sideways; fou take that board and rip it into four pieces, 
each piece three inches wide, and nail those pieces together, one on top of the other, or 
in the form of a aqnaro bos, and you pot tbut weight on top again, you wilt find the 
pile or box won't bulge in any direction, although there is no moi« material in it than' 
in the plank originally, and the sectional areas are exactly the same. This is merely an 
UluBtration, to »how that the resisting power is largely modified by the shape of the 
oolniuu. 

Q. I will Hsk you whether the fact of a beam lesting upon a solid surface has any- 
thing to do witb the strength of it f I mean if it should rest upon a smooth and solid 
surface, whether its strength is increased or diminished than what it would be if it lests 
on an uneven surface I 

A.. Its strength is greatei when resting upon a smooth and even surface. 

Q. Is there any rule on that subject I 

A. The rule that is generally adopted is, that when the ends of the beams rest upon 
smooth and planed abutting surfaces their strength is about three times as great as 
when both ends of the beams are rounded off. That is the general formula. 

Q. Suppose, in a bridge such as I have mentioned, yon have beama of the shape I 
have meutioned, and suppose that the base blocks above and below that they rest upon 
ot brace against, have a strip two inches or two and one-half planed down lengthwise 
through the centre, so that the flanges of the 1 beama rest above and below this planed 
eoi&ce, the planed surface being sunk or out down the thirty-second or sixty-fouith 
part of an incb, how would yon account abe.im so resting as tbatT 

A. It couldn't be classified as coming under either head. It certainly would not bear 
uniformly on all its parts, yet it could hardly be considered as a rounded end surface. I 
should say it would be something between the two, but just how much, it wonld be 
very diSBcutt to say, nnlcsa I could see the actual condition of the blocks. 

Q. Wlieu yon speak of a smooth plane for an end beam to rest upon, would simply 
a casting that had been chipped off with a cold chisel, would you regard it as amoothT 

A. No; I would consider a casting coming from the fboudry and rubbed oS^ such as 
they usually do — taking one part of a casting and rubbing It against the other one — as 
perhaps filling the requirements of a smooth plane, although it might not be planed, but 
from what I know of attempts to chip off the roughness of castings, I should say that 
a nice, smooth plane would not likely be made by chipping. I have never seen a neat 
}ob made In that way. 

Q. Jt is stated, in this Ashtabula bridge, that the braces of the upper chord weie 
composed of beams twenty-two feet long, and that a portion of the beauis rested against 
the lug on the top brace blocks, while the other beams passed over the top of the brace 
blocks, and were only held down to it by clamps, while the beams might have a lateral 
motion of two and one-half inohes. How would you calculate the strength of such a 
member as that, with sncb a play as that between the lugs on top of the brace blockst 

A. Well, I think I would be williog to allow the full cross sections of the abutting 
surfaces, as far as the crushing of them is concerned. As to their ^tslstance against 
flexure, what I have s^d in regard to the braces would also be applicable in this cas*. 
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Q. It is said thut these menibera of the upper chord weie I beams, sis b^ foar, and that 
they were faalened to({ether every fire feet by three-qn&rtar irou round rods, with a 
thimble to keep them safflcianlly apart, and then alteraatelj two aud three bare passed 
over the brace blocks having ttii» play, wiiich I have mentiDQed, what provisioii ought 
to be made for faatoning raeinberB in an upper chord, iu such a ease as that t 

A. Well, it would be better to diTide the chorrls io lengths of one pauel, and provide 
for the abutting surface there so as to ghi>rteu the leugth of the column and at the same 
time provide an effective system of lat«cal bracing, which ought aot to ruu more than 
one panel length ; in this way a tendency of flexure would be almost entirely conutet- 
acted, and where you peraiitthem to ruu, say two panel lengths, without ouy stiffening, 
I mean external stiffening, it would require tmmeihing iu the shape of tatsral bracing to 
give them lateral stiffuess, to guard against bulging outward or Inwardly, and that 
could be moat effectually done by close lateral bracing. Of course when you calculate 
the Btrangth agoiuat flesnro of the top chord, if it runs over two panel lengths without 
being secured, you must consider it as a strut of two panel lengths, and treat it ao In 
your calculation. I say also that the tying together of those Bve members of the top 
chord, between each other, would not oounteraot any flexure of the whole body, either 
to the right or left; of course, tendency to bulge upward or downward is not likely to 
occur, and the only tendency would be boriziiatally right and left, and against that tbe 
counter brnces would have to be introduced as a preventive. 

Q. I will ask yon then, bow near ought tbeee counter braces to be introdaced ta pre- 
vent that sort of lateral flexure iu the upper sliord, and what name do yon call this 

A. We generally call them lateral braces, or call the horizontal onea generally lateral 
braces, and those that run diagonally downward, connecting the bottom chord on one 
side with the top chord on the opposite side, we generally call sway braoes. 
Q. Hew near ou^t those sway braoee to be, in aach a bridge as I have described T 
A. I think I wouldn't place them farther apart than a panel length, though I will 
admit it has been the practice, especially in wooden Howe truss bridges to run them 
some times to an angle of forty-flve degrees, reganllees as to what particular part of the 
truss they would strike. At an angle of forty-five degrees, the clear space l)etween the 
chords of a deck bridge would be about equal to the usual length of a augle panel. In 
single track iron bridges the lateral brace system is generally introduced in every 

Q. I will ask you what the rule is for determining the size of these sway braces, if 
there is any T 

A. That is a matter depending somewhat ou the action of the wind ; In wooden cov- 
ered bridges that is a chief element that yon want to guard against, but it doesn't 
amonnt to a vary great deal in au open iron bridge. There is also a tendency, where the 
bridge stands on a curve, to push ont in the direction of the tangent, and that baa to 
be guarded against by lateral braces, so that on a curve the lateral braces should be 
more effective and stronger than ou a straight line ; and in any event I wouldn't like to 
adopt, for a bridge of that kind, rode in the middle of a bridge of less than one and one- 
fourth inch iu diameter; and 1 would have them at every panel, and in no event would 
I place my braces at an angle more than forty-flve degrees. 

Q. I want to ask yon this queetion : How do you calcniate the strength of a piece of 
iron, in compression, suppose it is where it is subjected to vibration ; do yon calculate it 
~ the same as if it was resting upon a solid surface above and belowf 

A. No ; I dou't think there are ouy calculations made to aAoertain the effect of Tibrtt- 
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tioD, except that nber« a, bridge is greatly sabjected to BDch vibration I woald take the 
precaution to allow a ^(reater factor of eafety, than for ordinary contingencies, but I dont 
think it is poasibln to ascertiua with accurao; the exaot effect of BUch vibration over 
and above the Btrain that aiiBes from the loada and weight of the atrnclure. 

Q. If you were to lake a beam twenty-one feet long, anpposB it waa subjected to 
yibration, would it ha strained to a greater extent when enbjected to vibration than if it 
rested upon a pennanent base, and had permanent dead preaaure above 1 

A.. There is no doubt the dead immovable load npou it would be easier on the strat 
than a movable vibratory load of eqnal amount. 

Q. On a long brace like that, I will ask you, wbetber the vibration, as of a moving 
triuQ rolling over a bridge, doesn't tend to throw the line of preasure outside of the axis 
of the strut and thereby weaken its strength I 

A. It would c«rtaiuly nubject it tu a far greater shock, there is no qncstion about 
that; but there is no tixed rule by which you could provide for its vibration, nuleesyon 
take a larger factor of safety, and introdnce uieaHures to increase its atilfneas by bracing 

Q. Would it be the duty of a prudent engineer to take that larger factor of safety T 

A. Yes, Bir; I should say so. 1 think it is but proper that every engineer should do so. 

Q. In putting my supposed case awhile ago, of the braces resting u|ion brace blocks, 
that had been chipped by the cold chisel, and a strip planed off from two to two and 
one-half inches wide, on which the beams dido't rest at alt, I included the motion, and 
pat the auppoaed case; I will ask you to state how it would efi^ct the strength of the 
beams, supposing the corners were chipped off, in addition to these other facts. 

A. If it was irregularly chipped off I think I would disregard the chipped-off port en- 
tirely in the oalculation, and make a deduction in the croaa BOctiooal area, correspond- 
ing tA the ohipp«d-off piece. 

Q. What effect would that have in calculating a beam, as to a round end, or Qat end 
beam, with the outer edges of the fianges ohipped off T 

A. It all depends upon the a<iiount of the injured base, and the rougbnesH in which 
it la left That is a thing that would have to be taken into account, to the best Judgment 
of the engineer, having the calculation in hand; it is very difficult to say just to what 
extent it would effect it , it certainly would have a tendency to weaken the e^ctive 
strength of the strut. 

Q. Suppose in the examination of a bridge of this kind, you were to find that these 
braces had slipped down and up, on the brace-block, fn some csae as much as three 
inches, and in others two inches, and others one and one-half inches aDd|Mme perhaps not 
more than half an inch, what would you aay was the cause of that slipping t Ought it 
to be guarded agiunstT How ought the beam to be calculated that had slipped ont of its 
place in that way t 

A. The slipping may be caused by insufficient bearing, probably on acconnt of 
loosncBs in the tension rods, which may not be sufficiently tightened up, to matntaiii 
the braces in place, and it might be owing to tJie fact that they were of uiie<|nal length, 
two or three of them filling the exact space, and one being a little shorter, would nee- 
csHBrily have to remain loose, and that thing ought to be immediately looked after and 
guarded against. In the absence of a more effective remedy it would, in some cases, be 
sufficient to inl«rpose a sheet of lead or metal of some kind which would be impressed 
by the force, and afford on even bearing to alt the members. Thislooseness of the braces 
>s a very serious defect and ought to be remedied as soon as discovered. 

Q. Supposing yon were called npou to calculate the strength of a beam of that kind, 
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how wonld yon mriTe at itf How woqM yon, ns an engineer, calculate the etrength <rf 
the beam t 

A. Having slipped ont of place 1 

Q. Partly slipped ont. 

A. It might uot bear a poand; there might he, ae I naid, three ont of five bearing 
the whole load, and the othan a quarter of an inch short not bear any thing. 

Q. In calcnlatlng, then, the strength of beams, such as I have supposed, length, shape, 
and location, wonld yon calculate thtm as ronnd end beams or not in calonlatiug t 

A. I think I wonld, perhape, be willing to give a little larger allowance than ronnd 
end beams. Bonud end beams ree*^, really, on a theoretical point, and I think it would he 
getting the thing down to a low base of oalcnlntjoii. on that presumption, aud there 
ought to be some thing between a round point and a square end ; but what proportion, 
COD only be detenuined by the ronghnesn of the surface and the damage of the ends of 
the stTUt-s. I wouldn't like to say without seelug the particular pieces. 

Q. What is the margin of safety in oil calculations on iron bridges t 

A. Well, opiniousdiffer considerably on that sabjact ; some of tliem, feeling confident 
tn their own work, ore satisfied by allowing a factor of safoty of four. Uoie careful 
men make it five, aud I think six wonld be nearer to perfect safety. 

Q. Do yon make any differenee between members in oompreasion and iu tension f 

A. Not generally ; I wonld make perhaps a ditference in the more important memhers 
of the stiucturea, and increHse their factor, while I might diminish that of members of 
not snch vital importance. 

Q. Wonld you make the factor of safety alike as to members of compression and in 

A. I wonld for members of equal importance. 

Q. In other words, your metal won'.dn't snpport so much in compt«S8i<m as in tendon t 

A. The capacity of resisting is greater in wroi ght iron when under a strain of exten- 
sian than when under compression ; but that does not affect the allowance for safety, 

Q. Ton said, a moment ago, that theae sway braces ought to be at every panel in an 
important s'rnctnre ench as I have described, and that the rods ongbt to he an inch and 
a quarter in diameter. Suppose they ore set at every other panel, chen what ought to 
be the site of the rodet 

A. Well, the size wouldn't help the matter a great deal; the tendency to flexnre 
ought to be counteracted by more ftequent introduotioD, rather than compensated by a 
larger amount of material. I think a lighter rod, more frequently introduced, wonld be 
much more effective than a large rod running over a louger range. There on^^t to be 
some little increase, in proportion to the mn they are placed in. You asked me whether 
the oTosssectional am a of metal should be made heavier in compression than in tension, 
I believe I said It was alike. I didn't mean to say ttiat ; wronj^ht iron will resist a tensile 
strain much easier than a crushing strain, even on short columns. 

Q. Suppose this sway bracing is fixed at the polot where there is no strut or counter- 
braces, what hare yon to say then as to effectiveuees f 

A. It simply has no effect at all; the strat, placed away from the tension of the lat- 
eral rods, would l>eof no accouut; neither wonld the rods be of any acoonnt without an 
interposing stmt ; the two can only act together. 

Q. And they are only eOective when the rod is fastened at the headof theatmtt 

A. Tee, sir. 

Q. I will ask yon whether that would be eo no matt^ where it ooenmd. 

A. Any where ; the tension rods conld not be effiftctive without nn interpoelng Mtmt; 
he two syatemB must go together. 
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Q. Wliat te the Tsliie of Iron, in Its power to reeiBt in com|ireBsion, snd wliat u it Id 
teDSiou, to the square inch I 

A. In t«nsioD, good iruD ought to snalitiii a pull from flft; to eisty tbouaand poDuds 
to the square inch. 

Q. How macfa in compretsion T 

A. They pretend to say that in short pifcen it nil] stand from seventy-flve to etghty 
th-insand, but I have never seen Buch a test veiiGed. 

Q. How ongbt that now to be diminished t In what ratio does that enntain to the 
length of the beam 1 

A. Wlienover a beam or a strut reaches a length which exceeds say fruin eight to ten 
times the diameter nr the fiquare uf that strut, then it is weakened by means of lateral 
bulg'ug ; flexure begins, and increases with the increase of the length. 

Q. Cud yon give me some idea as ta the valne of brace beams 21 feet long, I in shape, 
and 6x4 inches T 

A. Well, I wouldn't like to gneea at a thing of thst kind ; It is a matter of ciilciila 
tloil. The form of the bt'ams, the size of its web, the bieo of its flanges, and all that, 
wonld have to be taken into account; ani1, without some closer calculation, I nonldn't 
like to venture npon a hap-hazard eKpression. 

Q. Well, ;ou say the power to resist compression in iron may 1>esevetity-flve or eighty 
thousand pounds to the inch ; what, is its power to resist — I had better say buckling, or 
flesnre t 

A. That depends entirety npon the length, form, and the cross section. 
' Q. I^ength and shapol 

A. Yes ; by giving a fixed form, and fixed length, we can tell you by very little cal- 
culation jnst about what the thing is able to do. 

Q. What ren»edy is there, if any, in your judgment that might be applied liy the law- 
making power uf the State to diminish the number of accidents like this Ashtabula bridge 
disaster t 

A. Well, I don't like to venture upon an opinion in regard to Chat ; but since you ask 
the queatiou, I would like to refer you to a report which was made some three or 
four years ago, after the breaking down of the bridge at Dixon, Illioois, by a committee 
composed, I think, of eight members of the American Society of Civil Engini-ers, which 
is a society numbering now, I think, some six hundred members. The nirnibers of the 
profession are only admitted on ballot, after recommendation by a committee i if the 
society. Those gentlemen investigated that (luestion fully at the time— spent nearly a 
year at it; and then the eight members, being somewhat at variance in their views, sub- 
mitted, I think, five ssparale rejwrte. They clussifiod the caiises of accidents into three 
groups. The Hrst one embraced accidents arising from faulty constrnction, either badly 
drawn plans, or imperfect workmanship, orinsuflieient material ; in other words, causes . 
aiisiug from faulty construction g»nerfllly. The second class embraced failnres tlirough 
neglect of structures that were originally put up in good shope, and were permitted to 
go to ruin from the want of proiier attention by their owners. Then there was a third 
class of accidents against which the committee proposed a remedy — such !is were caused by 
violence, tornadoes, deslnwlion by Hre, collisions, or derailment of railniail trains. 
Then the gentlemen went on to touch on legisliition to prevent repetition of such 
a diwBter as they bad investigated. They were nearly unanimous on the general reme- 
dies, although they differed eonhiderably on the details. They proiMised, in the first 
place, that there should be lu each State an expert appointed by the Govcmur, who 
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Bhonld bitTe general snperviBion over tbe conBtrnfation of bridges, and the plans of all 

stntctureg to lie erected, either bj railroad compaoies, or county^ Ciiwnsliip, or city au- 
thorities, should be Hnbmitted for his Approval, and not be erected nilhout bia consent; 
and if the structure be of such importance as to warrant it, hn should superinteud it, or 
eeud'Bonie one there competent to do so; and, in oaso of an acoident, he should report 
and hold the parties redponaible. And they further proposed, at the same time, a aort of 
itandard by which theee experts should bo guided in their det«rnii nations. Tliey would, 
for instance, say, for highway structnres in a city of large traffic and Ini'ge mannfactnr- 
ing, the fioor shonld not be loaded with more than one bnndred ponnds to the eqnare 
foot, and the oaloulation based upon that preenmption ; in more remote parts of the 
country tiwy would reduce it correspondingly. And then they prescribed the amount of 
material to be put in to resist certain strains, prescribing them in detail; in other words, 
they advised a certain standard that ehoiild bo considered the governing schedule from 
which to work. Now, as far as my own views are>concemed in regard to this matter, I 
think that a proper snpervisorj offlcer in each State could do considerable good. He 
oonld not, of course, do away with all the bad bridge* we have on buid, bnt 
certainly he cunld prevent any new ones from being put np hereafter. And, ns &r as 
the State of Ohio is concerned, if the present Board of Canal Commissi on ent, with their 
attendant engineers and supervisors, and the present office of Railroad Cnmimssioner, 
with his attendant bridge inspector, could l>e merged into one cumpetent board of three 
experts, that would eit&er divide the State geographioaUy, or would take general super- 
vision over the whole of the State, in the mauner as the Society of Engineers suggested, 
I think there would be some good arising from that. Now, such a bridge aa that at Ash- 
tabula should never have been built, and I am confident if that plan had been stlbmltted 
to a competent board of engineers, before its erection, that bridge never would have 
been built. 

Q. What information did you have aa to the size of the braoee in that bridge I 

A. I have seen the plan in tSr. Jobnsou's office, and have looked at it corefaKy. 

Q. By Wiltsee : How many miles of railroad have you now in charge I 

&. About twelve hundred. 

Q. How many bridges, and what is their combined length t 

A. There are about five hundred and ttfty in ail ; what their combined length is I 
can't eiBotly saj-. 

Q. Their average T 

A. Well, I coaldu't say ; they average, I suppose, about one hundred feet in length. 
We have a good many of greater span, and, perhaps, a larger number less. 

Q. On your road, are there any built like the Ashtabala bridge 1 

A. Notlilug like it ; no, eir. 

Q. Do yon know of any, or did you ever know of any, except that, built in tbat wayf 

A. I only kujw of one iron bridge Chat has been built in imitatiou of the principles 
of the old wooden Howe truss, and that it is located at Bridgeport, opposite Wheeling, 
on the Cleveland and Pittsburg Railroad. My recollection of that bridge is that its 
compressive members are composed of cast iron, bnt the combination, and the manner 
of putting the parts together, I tlitnk, is very good ; at least, it impressed me so at the 
time I lai<t saw it, bnt it is entirely dift'eront from the Ashtabula bridge in its execution, 
or couibination, of its parts. With that exception, I don't know of any other iron bridge 
in which that system has been carried out. The leason for it, I think, is because it is 
not an economical form of structure. In your qnestion about the compressive stren^tb 
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of iron, joo didu't epecity whetliar yon m^nnt wrought or coot iron. Mr. Johnwo thinks 
you hftd reference to nronght iron. 

Mr. Convene — I did. 

A. Inasmuch oa uast iron haa greater compremiTe atrengtb than wrought iron, I took 
II for granted fum nauted the metal that had the greatest resietiog power, and therefore 
1 mentioned the flgnres when I said 75,000 or 80,000 poaudB. CoDipreoaivo strength of 
wronght iron in not ax great as that of extengion. 

Q. I will oali you to state whether cast iron, except for blocks, reeta, or something of 
that aort, la suitable material to put in bridgeti, in yonrJudguieiitT 

A. In the earlier period of iron hridge cunstrnetion, cast iron hoa been almost ezeln- 
aively osed for all comprtmsive members, but niore recently it baa been generall; aban- 
doned, and wrought iron haa been suhetitnted io its place. I always feel more safe on ft 
wronght iron lii'iJge tbat baan't any impurtaut caat iron parts in it, although we have 
on our road, and un almost every roM in the country, very excellent irun bridges bnilt 
at an earl; day nhich b ave caat iron braces in them, and show uo eigns of tronble of 
any kind. 

Q. I will ask you if you saw the plan of this Ashtabula bridge, and the modeof oon- 
necting the braces with the chorda, and, if you will be kind enough, ta state whether 
you conaidereil it a safe and proper way of connectingf 

A. If I underetand the plan correctly, or recollect it right, there is no connection be- 
tween the braces and tbe chords — they merely rest against the angle-blocks, above and 
below. There ahonld be certainly aome proviston made to aecure them in place. 

Q. How onght tbat connection to be mad* I 

A. Well, its manner of construction is so slngnlar in its whole arrangement that I 
don't know how it cunld have been effected with this plan, but tbe nsual mode of con- 
necting the oblique members is either by screw bolts or by rivets or by pin connections 
and eye bolts. I always considered the link and pin connection aa the saieat and beat. 

Q. I will ask yon whether it would be possible for bracea in such a bridge as the 
Ashtabula bridge to deflect ftom the Itne of their axis and still do duty for any conoid' 
erable length of time. 

A. No, dr. They are only effective vrhen they stand in their jiroper direction, and 
whenever they deflect they cease to be effective. 

Q. Where they are out of line would it be considered a great negligence not to 
straighten them up oi to cease to use tbe bridge T 

A. I -wonld certainly consider it my duty, whenever I found a brace ont of place, to 
replace it and secnre it thorongbly, to prevent it slipping out again. 

A. In calculating the strength of these flve or six I beams entering int4> a single 
brace, as at this Aehtahnla bridge, should they be calculated sa separate braces, or 
should they be calculated as one solid brace for tbe calculation of ibe area of the several 

A. Without any more peiftct connection of tho parts between themselves, I shonld 
be disposed to calculate these stmts and top chord pieces singly — each piece for its own 
effective resisting force, and I should simply multiply that by the number of pieces. If 
they were rigidly connected between each other, then they might with propriety be 
oousidered as one column. 

Q, Would that be the only safe way to calcnla1« t 

A. Tes. 
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REPORT OF A. GOTTLIEB. 



* * * * In reviewiDg the details of the constniction, I would like 
to state beforehand that the Howe-truss pattern is not very well adapt- 
able for heavy iron bridges, as they are neceseary for all railroad traffic, 
for the simple reason that it contains too many compressive members, 
which, if properly constructed, requires much material, increasing 
thereby the dead-weight of the bridge considerably. The bridge is less 
fit to sustain a live-load, if she has in the first place to hold up a heavy 
dead-weight. When the wrecked bridge was constructed, the building 
of iron truss-bridges was in its childhood, compared with the progress 
made since that time. A stronger and uniformly well constmcted bridge, 
even of the Howe-truss pattern, of the span of the Ashtabula bridge, 
with double track, should, nowadays, not have a larger dead-weight 
than l,tOO pounds to 2,200 pounds per foot, including track and all. 

The fiiflt objectional point in the old bridge, therefore, was the unneces- 
sarily great dead-weight. 

The second is shown by the figures to be In the top chord. 

The weakness of the top chord was still more increased by the following 
circumstances : The connection, laterally, of the single beams forming 
the top chord, was efTected by bolting them together every five feet with 
a bolt five-eighths inch in diameter. This connection could not have been 
expected to transmit any strains from one line of beams to another 
parallel to it. and so each string was depending on its own strength to 
resist the strains received from the brace-blocks. The floor beams were 
resting directly upon the upper chords, without a bed-plate to distribute 
the weight uniformly over all the chord-beams ; consequently some beams 
had probably to carry the main share of the total weight on the floor 
beams. The next weak point was in the bearings of the main and 
counter-braces on the cast-iron blocks. The bottom blocks were, during 
(be examination, bo covered with snow and ice and under water, and, 
being still connected with the iron work, unaccessible. But bo many of 
them as could be examined, and the top blocks ont of the water, showed 
clear marks on the face of the blocks where the braces rested on, the surface 
of the blocks covered by the shape of the beams remaining free of paint, 
while the surrounding surface was painted. 
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By these marks it is to be seen that some of the braces bad a bearing 
with o>ly flange and about one-half of the web, while the- other flange 
and half-web was unsupported. Others had about four or five inches of 
their depths on the block, the balance of their height, unsupported ; very 
few had a full bearing on the blocks. In some places considerable chip- 
ping had to be done during the erection of the bridge, in order to get the 
braces on the blocks at all, because the flanges and webs of the beams 
interfered with the truss-rods, which came nearly in the same place 
through (he blocks where the beams were intended to rest. These 
imperfect bearings of the braces on the blocks, may have brought the 
strains edgewise through the beams, in place of parallel to the center 
axis, vertical to the ends, and may have weakened the resistance of said 
braces to such an extent as to make the excesses of sectional areas shown 
fbr the braces to disappear partly or entirely. 

The next objectional point was the arrangement of having lateral 
brace-panels of double the length of truss-panels, leaving, every time, 
one panel point without lateral support. This was undoubtedly done by 
assuming the top chord sufficiently rigid, laterally, for the length of 
twenty-two feet, which it probably was; but considering that the lateral 
rods were not adjustable in their length, and that by slackening of any 
of them from any cause, a considerable portion of the trusses would have 
to rely on the stiffness of the chord, the inserting of lateral struts and 
rods in each truss-panel would seem to have been advisable. 

The same as here stated of the lateral rods, is in still greater a measure 
to be applied to the vertical diagonal rods, or vibration rods. These were 
adjustable, having a turn-buckle at their center. But the fastening of 
the ends of these rods to the cast iron brace-blocks, was, according to my 
mind, the weakest point in the whole bridge. The leg-screws connecting 
the ends of vibration rods with the blocks, were of three-fonrths inch 
iron only, and between threads of the screw about flve-eightha of an inch. 

The only top block that had the vibration rod still connected with it in 
the wreck, that I could see, was oear the east end of the bridge. A man 
trying to get the screws out with a monkey-wrench, broke the leg-screw 
oft in a few minutes, leaving the balance in the block. I have the 
broken piece in my possession. Judgii^ from the position of the bridge 
wreck, and that of the train at the bottom of the river, one lying entirely 
on one side, the other on the opposite side ot the longitudinal axis of the 
bridge, the chances are in favor of the assumption that the vibratl<m 
braces failed from some cause, and, letting the train slide down from the 
bridge on the side where the loaded track was, brought the bridge to the 
other, the movement probably starting near the center of the span. 
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The prime cause maj have been an engine «r car off the track, or any 
other audden jar. 

Another possible canse of mptnie was the circamstance that the top 
lateral rode were held in the 'hutch of the top blocks by the weights of 
the upper cbord-beame resting on them. By examination of the plan, it 
will be found that the heads of the two top lateral rods, meeting at the 
top block in center of the trusses, were held in their position by two I 
beams, that were spliced at that point, bearing against the lug of the 
block. If the top chord deflected under the engine load, it pressed the 
part of the lateral rod directly nnder it, downward, and, as the spliced 
ODtside I beaips of the chord deflected also, the space then, and the lug 
on the block, may have been bo increased as to permit the heads of lateral 
rods to slip out of their hold, that was only one- half of an inch, destroying 
in this way the top lateral bracing. 
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REPORT OF JOHN D. CREHORE. 



I have mad« a partial examination of the rains of the Lake Shore 
railroad bridge at Ashtabula, a complete examiDstion having been im- 
practicable np to the pree.ent time, for the reason that a large portion of 
the structure lies under the ice. I shall therefore not attempt a thorough 
and complete presentation of the condition of every part of this bridge, 
bat shall confine myself to certain conditions of the stnictore, which 
should not be repeated in any future bridge building, even if it shall be 
proved that an excess of material in the ill-conditioned parts of this 
bridge neutralized their destructive tendency ; for excess of materials is 
excess of dead weight. 

The supporting frames, or girders, of the fallen bridge, were two wrought- 
iron Howe trusses, with a space of fourteen feet and five inches between 
them. These trusses supported two tracks seven feet apart. 

The principal members of the Howe tmss are, the chord to resist com- 
pression, the bottom chord resisting tension, the verticals also in tension, 
and the diagonal braces under compression. The space in the plane of 
the truss between the centers of any two consecutive vertical members 
is called a panel, or a panel-length of the truss. 

Of the two braces intersecting at the center of any panel, that one is 
called the main brace which slopes or points downwards toward the ntarer 
(Autnunt ; the other is called the counter brace. The main braces only 
are called into action when the bridge weight and the added load are 
uniformly distributed along the entire trues. The office of the counter 
braces is to preserve the rectangular form of the panel under a partial 
load, or, in other words, to transmit a fraction of the partial load toward 
the remoter abutment without distortion ctf the panel. At the panel 
points, both top and bottom, are cast-iron brace-blocks, through which the 
vertical tie rods pass, and against the sloping faces of which the braces 
abut. These sloping faces of two opposite brace-blocks should be at right 
angles to the abutting brace ; and for the greatest efficiency of a brace, 
its extremities should have a bearing upon the blocks and be secured in 
position. The blocks must also be fixed. 

In the Ashtabula trusses each diagonal brace consisted, so far aa I ob- 
served, of heavy six-inch I beams, varying in namber from two to six, 
according to the place of the brace. The brace-beams, main and counter, 
were tied or strapped together at their intereeotion in the center of each 
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panel, to preveiit deflectioa in the plane of the truss. This tying of 
their'centera wonid not prevent their possible simultaneous deflection in 
the same direction, out of the plane of the truss. 

The I heams composing these braces had their webs parallel to the 
plane of the trass, as the impreBsions upon the brace-blocks indicate. 

There were projections, or lugs, cast upon the upper edge of the brace- 
bearingfaceof the upper brace-block, to pre vent aslippingof the endsof the 
brace-beams from the block towards the top chord, and some of the upper 
blocks have the lower(edge of the brace-bearing face raised a little as if 
to prevent the slipping of the brace downward between the vertical rods. 
Bat these projections or lugs were manifestly cast for a different brace, or 
for a di£ferent position of the brace used, for the lugs were fitted to brace- 
beams six inches wide in the direction at right angles to the plane of the 
truss, while the I beams actually employed have a width of only four 
and a half inches in that direction. 

If these brace-beams should be turned so as to bring their flanges par- 
allel to the plane of the truss, they would conform to the position of the 
lags on the blocks, thus indicating that the braces were finally placed in 
a position different from that originally designed for them. This turn- 
ing of the brace-beam through a quarter of the circle would not increase 
nor diminish the strength of the beam as a strut, but would give room 
for more beam 4 to abut upon the same block. 

But the want of conformity to the projections designed to hold them 
in place, rendered many of the braces dependent for their permanence in 
position solely upon the continuance of a sufficient end pressure on each 
individual beam, and whether this constancy of end pressure could be 
depended upon in a bridge doing the duly expected of this one, is now 
the subject of inquiry. 

The designer of the bridge evidently supposed the lugs necessary, or 
he would not have placed them on the blocks. The virtual abandonment 
of their protection, by changing the position of the brace, or rather by 
omitting to supply some substitute, was at least an imprudent venture. 
Some of the upper brace-blocks show that brace-beams were out of their 
proper places previous to the fall of the bridge. Whether they were im- 
properly placed at first I know not. 

For instance, in the north truss, which was not directly ander the 
fatal train, the upper block at what seems to be the fifth joint from the 
end of the bridge, shows the impression of one brace-beam that was 
bearing upon but three and one-eighth inches the fuUdepthof the beam. 

Other upper blocks of both trusses have impressions showing half 
flanges and whole flanges off the blocks, some upward and some down- 
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ward, though I observed no other so great displacement as the one men* 
tioned. The lower blocks I have not examiaed, nor indeed the upper 
onea fully, as they are partly under ice. 

Among trusses with rectangular panels the oharacteriBtic feature of the 
Howe truss is, its having diagonal braces and vertical tie rode, instead 
of vertical stmts or posts and diagonal ties. Now the diagonals are 
longer than the verticals, that is, the braces must be longer than the 
ties. But wrought iron resists tension better than its resists compres- 
sioQ. Also its tensile strength is practically independent of the length 
of the bar; while a limit (^ length is soon reached beyond which a stmt 
of given thickness will yield to compression by bending. Again, a given 
vertical pressure develops the least compression in a strut when the strut 
is also vertical. 

For these reasons the Howe truss is not economical if executed in 
wrought iron, though it need not tker^ore be unsafe. The long wrought- 
iron braces require especial care in their construction and adjustment. 

The braces we are considering were twenty-one and one-half feet long 
between their bearings. Calling the width of flange of each brace-beam 
four and one-half inches, which is a greater width than some of them 
had, we have the ratio of length to least side of rectangle about fifty- 
seven. 

Using this ratio in the well-known approximate formula applicable 
to long struts, with the constants as given by R&nkine, there results for 
beams bearing fully upon their ends cross sections, a breaking weight of 
17,178 pounds to the square inch. But for stmts with "rounded or 
hinged" ends, that is, with imperfect bearings, the breakage weight is 
6,688 pounds to the square inch, or a little more than one-third of the 
former number. 

Now, although the brace-beams have too much of their material in 
their webs, yet their total cross section is so great that an approximate 
estimate of the strain upon them indicates their sufficiency notwith- 
standing their faulty bearings; but the margin of safety is very small. 

It remains to inquire whether the ends of the braces were really mov- 
ing along their blocks up to the 29th of December. Upon first observing 
them I was inclined to think that they were gradually working ofi their 
blocks, very slowly indeed, as their eleven years of service proves. But 
upon learning that the bridge was last painted two years ago, I reexam- 
ined the brace impressions, and found none that positively indicated any 
movement of the brace since the last painting. And if they had not 
moved in the last two years, they were probably stable in the position 
they had assumed. I would not, of course, state positively that no braces 
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were further displaced at the instant the fatal train struck the bridge 
bat each an unusnaL displacement seems improbable. 

I will call attention to one other defect in the construction of this 
bridge, which should not he copied in a structure of this kind. It is the 
placing of the floor heams upon the top chords between the panel points. 
The top chords resist compression alone, and the deflection in them from 
this incumbent weight detracts largely from their efficiency, and may 
bring destruction to the bridge. 

A careful examination and measurement of all the parte of this bridge 
will form the basis of the only complete calculation that can he made of 
the improper distribution of material iu these truaseB,and show how much 
the proper margin of safety was trwpasBed upon in their construction. 

Jancaby 11, 1877. 
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TESTIMONY OF GUSTAVUS D. FOLSOM. 



Q. Wbat U your name, sge, residenee, And oocapatJonT 

A. Hy name ts O. D. FolMm ; 1 retide at 346 Lake street, CleTeland, Ohio, and am an 
engineer on the Lake Shore Bailioad ; my age ia forty yean. 

Q. State whether yon were on the ei^pne at the wreaking of the Ash tabula bridge, 
and wbat waa the flrat yon noticed wrong at the bridge t 

A. 1 was on the Colnmbia, the second engine drawing the train. Aa near as I conld 
jndge I wan about two-thirds of the way aorosA the bridge. The bridge began gradually 
to unk and to swing to the sonth, and then it leooUed and went to the north. It 
seemed that when the chord on the aouth side gave way the north chord reooiled and 
drew the bridge to the north. It was very suddan — the recoil waa at the moment. The 
first sensation I experienced was the track giving away. I waa applying the aii brake 
veiy lightly. My engine struck the west abutment and seemed to he held a moment by 
the forward engine nutil the tender of my engine swung down against the side of the 
abutment. The iron express oar shot under m; tender while my engine seemed to be 
held. My engine fell on top of it. When my engine dropped down, striking the bottom, 
she turned over to the east endwise. The tiist I oliserved was both a settling down 
and a swinging to the south. It was storming very had. I conld not tell precisely 
when I was on the bridge. I shut off steam about fonr or six rods east of the bridge. 

Sweie running at the rate of from twelve to fifteen miles per hour. My fireman oiled 
valves after I shut off steam, and had finished oiling hefore 1 noticed the unking 
of the bridge. It would take not to exceed thirty seconds to do the oiling of the valves. 
Hy engine, at the moment of the break, seemad to ptnnge forward as if te go down in 
that direction, and struck the west abutment. I felt the Jar when she struck, and then 
the bock end <^ the engine and the tender swung down. I seized the throttle ratohel 
with my right hand and the air brake cock and pipe with my left, and wm banging by 
my arms with my feet dovmward till my engine dropped perpendicular and struck the 
bottom. I did not hear any noise as of breaking before I felt the settling and observed 
the swinging to the south, bnt white my engine was swinging down against the abut- 
ment, or while she was hanging foe the moment there I heard two distinct and heavy 
oiashes, and I thought then, at the moment when I heard it, that the train and bridge 
behind me were going down ahead of me — that is, before I dropped down the face of 
the abutment. My engine may have made one revolution £rom the time I noticed the 
sinking and swinging to the south before I felt her strike the abutment. The wind was 
blowing terribly strong. I think It was the worst storm I ever experinced on the Lake 
Shore. I could not give an; opinion of the strength of the wind. It came rather from 
the northeast. I think snob a wind would produce a good deal of effect on a moving 
train. The train was of ordinary heft for that read. Uj engine was the Columbia, 
The Socrates was ahead of me. The Socrates was a thirty-two ton engine, aod the Co- 
lumbia a thirty-five ton engine, eicluHive of the tender. I had burnt, before reaching 
the bride, three-fourths of my tank of coal. I carried nine buckets to ten of coal, each 
weighing l,3t>0 pounds — that is, when full loaded. I operated over the road about nine 
yean. I dont know that I ever heard the safe^ of the bridge questioned. I never 
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reallj liked the bridge. I oan't say I ooiuiideied it nmtafe, or I Dcrer woald have tqh 
over it ; but T did not like the bridge. I notioed In paxaing orar it at times a snapping 
M if the Jpinte were settling together. I beard tbnt aiutppiag, so to speak, but did not 
feel it. It was not a rattle or oontiunation of sound, bnt it was a snap, and when heard 
it was over with. I nerer, before that night, notioed any lateral motion to the bridge 
In passing over it. The pop on the engine was self-acting, and wonld relieve tiie boiler 
of any nndne pressure. Soon as my engine tamed over I dragged myself out. I was 
sensible all the time. When I nudertook to step I discovered my right leg to be 
broken. I dragged myself out to near the sonth corner of the old abntment. Every 
thing wae qniet except the moaning of the wind, and it waadark. When I got half way 
ftom my engine to the abutment I called my Hreroan. At the second call he answered, 
and sMd " for Ood's sake take Ihie off me so I can get np." I told him I conld not ^d 
him, bnt wonld halloo. I halloed four times, and received no answer. Every thing 
was etJU and qnjet. I then pulled myself np to the abntment. The next thing I noticed 
was the fin breaking out near the east abutment on the north side. Up to that time I 
had neither seen or head an; one except the fireman. In one or two minutes three fel- 
lows oame down by the abntment on the side where the stain were. I sent them to 
relieve the flreman. They got him out. There were screams and cries for help shortly 
after I saw the fire. I remained about fifteen or twenty minntes near the abntment, 
and was then taken to the pump bouse. Before I was taken away the whole wreok was 
on Ore and the noises had all coasad. 

Q. What have you to say aboat your engine being off the track T 

A. Nothing more than to give it an emphatic denial. 

Q. Did yon ever notice that snapping sound on any other of the bridges on the Lake 
Ihore road T 

A. No; I never did. 
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TESTIMONY OF AMASA STONE. 



Anuaa Stone, being dnly avoni, tesH&ed aa follows: 

Q. By Mr. Coaveige ; Wliftt la your fiill niuuB f 

A. Amsaa Stone. 

Q. What relation do joo Bnstiua ot bare Bnstained to the Lake Shore Bailrosd Cam- 
pBoy, and for what laoglJii of time T 

A. Id the bnilding of it, flnt aa Baperinteodent, for about two yekra. Beeame its 
preddent, I tliink, about 1856 or 7, and mnained until 1667— that is of the Cleveland 
and Erie Divisioa. Sinoe that time hare been director. 

Q. What year did you become president of the company f 

A. I can't state d^nltely. I think it was 1866 or 1856, perhaps. 

Q. When was this so-oaUed Ashtabula bridge erected T 

A. I think it was erected [examinee paper] in the antumu of 1863. 

Q. Who was the designer of the bridge f 

A. I designed the bridge. 

Q. State whether yon snperlntended parsonally in detail the work ; and if not, to 
whom it was iDtmsted f 

A. 1 only snperlnt«nded in making its plane. The detail of the iron work was iaat 
by Albert Congdou. It was saperviHtd generally by Mr. Tomlinaon. 

Q. Hare yon the original plan of the strnoture t 

A. I hare not. 

Q. Where is it T 

A. I dont know, but suppose at the oCQoe of the chief engineer, Charles Collins. 

Q. Wen there ftill written speciiloations prepared at the time, and if so, where are 
thoyT 

A. There were all the speoifioationB that are oBoally given fbr the oonstmctlon of a 
bridge. I have a oopy here of the bill of materials that was given for the bridge. 

Q. Were there or not any foil written speoifioations made at the time T 

A. There were fall specifications. 

Q. By whom were they prepared t 

A. By myself, except in some minor details. 

Q. Where is that paper or speoifioationf 

A. Well, that paper, 1 hare lu my hand, is all that I would want. 

Q. That Is not my queetiou. Where are the speoifloationB that were originally pre- 
pared by younelf I 

A. 1 cant tell you, sir. That is a oopy (reforring to paper in bis hynd} of all the ma- 
terial part of the specification. 

Q. When did yon see it last, the written specification, made in oonneotion with the 
plan of the bridge T 

A. I hare seen nothing of it rince the bridge was buUt, until within a fortnight that 
pi^er (referring to same paper) was handed to me. 

<}. By whom was this paper prepared and handed to yon f 
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k. It -was taken from tlie order book of the Cleveland Boiling Hill Company, and 
bandod to me by m; brother, 

Q. Do yoa deaira to make this a patt of yoar answer (leferring to same paper) t 

A. Jnst as yon please. 

Q. Did yon make out a atrain sheet, in oonnMtion with the plan and speoiScationa t 

A. I made np the flgniBB at the time, 

Q. When is that paper f 

A. I am not awate, sir. Not preeerred, aa I am aware of. 

Q. Was it preserved nntil the bridge wai oompletedt 

A. I am not aware that it waa— no longer thui that (pointing to paper), nntil that 
waa made ont — the bill of materials was made ont. 

Q. What was the epan of the bridge t 

A. One bundled and flfty-lbnr feet between bearinge, 

Q. What waa the width of the bridge, inolnding the chords ftom ontside to ontatde T 

A. Nineteen fbet six inohea— that is my reootleotion. It may have been twenty feet. 

Q. What is the width of the bridge between the chords, lateral T 

A. Either fourteen feet, aix, or fourteen feet. 

Q, What Was the width of each trtuat 

A. It was two feet nine inohes in thiokness, and twenty feet in height 

Q. Do you mean from ontslde to ontddet 

A. Yes. 

Q. From the lower edge of the truss to the npper edge I 

A. Yes. 

Q. What was the width or length of the panel, and how many were there f 

A. Fourteen panels, of eleven feet eaoh. 

Q. WUI you state to the oommittee whether there was any change of plans after the 
work was projected by you T 

A. There was none. 

Q. In the oonatmotiou, was there any depaitnre from the original design, in the siie, 
or strength, or any of the parte t 

A. There was no departore. As the bridge waa flually ereoted, an error waa made by 
the parties who were raising it, and it gave them a good deal of trouble ; and when 
remedied, the bridge was pat np aa designed. 

Q. What was that error T 

A. They pat in the braoM flat-wise, horizontal instead of vertical. 

Q. State whether there were Ings cast to receive the end of the braces T 
A. Hy impressioDB are that there were. 

()■ How were those lugs cast to receive the braces, flat-wise or vertical, as you state 1 
A. Tertioolly, I dedgned it. I wasn't awaie that there was an error in that in the 
detail. 

<]. Were they not, in &ot, oast so as to receive the braoes as first put up f 
A. I think not, sir. 

Q. And were not the Ings chipped off with the cold ehiael when the change was nude 1 
A. They might have been. That is a matter I have forgotten about. It wae an arroE 
Id the detail of the work which I was n't awaie of, nntil I went down to the work, and 
fbnnd that the braces were wrong. If yon will analyze that bill (pointing to paper), yoa 
will see that it is imposdble to put the braoe in flat'Wlse. It couldn't be got in as they 
ace put In there. Th^ jnat fill the entire stractore from end to end, and patting It In 
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flat-wise would not hare filled it. Tbej wer(> designed to be put in as these (referring 
to paper}, 

Q. Was not the origiool deaign of those braces to be aii laches in widthf 

A. No, sir. 

Q. Wbat waa tlie origioaT deslgD t 

A. It was four b; seven ; that is my recoUeotiou. There was but one bill given, and 
that ie coireot. 

Q. Can yon state whether the Inga upon the brace blocks didn't show that they were 
to be rix inohea t 

A. leant. 

(}. When, and how, did yon first disooTer that the bnces had been put in wrong t 

A. I was advised that the bridge was going on very slowly, and having some trouble in 
raising it — didn't come together right; and I went down myself to see what the tronble 
waa, and there discovered it. 

Q. Was not that after the bridge had been rused, and, when let down on ita own 
weight, it was fonnd to be nnable to aostain itself T 

A. They bad been to work at it for some time. It was not raised ; they bad been to 
work at it, and found trouble in raising it When they were changed, I heard of no 
farther tioable. 

Q. You are not sure, then, that tbe change was made before the structnre was ntised 
finally 1 

A. Tes, I know it was. 

Q. Who waa intrusted with the snperviBion of putting the bridge in placet 

A. My impressions are that Mr. Tomlinson started it. Bat be waa so inefficient that 
I disoharged him, and the work was then put Into tbe bands of Mr. Rogers. 

Q. What experience had Hr. Bogers in that kind of work T 

A. How many years, I don't know. . He bad experience in raising conatmotionai 

Q. Had he ever pnt together an iron bridge before 1 

A. 1 don't know as he had. 

Q. Orainoet 

A. I don't know. Ifo, sir. 

(}. When yon made tbe inspection yourself, did yon not discover, also, that some of 
the main braces bad been used for counter braces and tome of tbe counter braoes been 
used for main braces by Mr. Bogers in erecting the construction T 

A. I don't recolleot that. Borne of the counter braces and the main braces are 
nearly alike, and might possibly have done so. That is the only error where that conld 
be made. It would be impossible to bridge it any Other way. 

Q. If the lugs had been clipped off, and changes made, what was there to bold tbe 
braces in position T 

A. The weight and preasuie of tba bridge coming together, bound by the vertical 
tnuo-roda, would bold in place. 

Q. Would not the least shange of tbe tmss-rods allow the braces to slip ont of poei- 
tion, if there were no other fastening than their merely rising on a plain surface in tbe 
brace blocks above and below f 

A. The nnsorewing of a rod from its bearing would loosen them, 

<). In twenty feet of brace, aet in a panel of eleven feet, how mnch would the rods 
have to be lengthened to allow it to drop out, if the brace biocks were plainT 

<). By Mr. Bums: With the lugs chipped offt 
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A. Ad elglilli of an inch wonld allow a coontei bntoe to move ; letting down on inch 
wouldn't, move it at all. The bridge wonld gradually oom» down to the edge. 

Q. By Hr. Convene : Woald the dropplngont of oueor two iM>nnt«n effect theBtmc- 
tuTD of the bridge T 
' A.. It wonld not. 

Q. How many ooonter braces eonld be dropped ont of that bridge without its cmibiug T 

A. My iinpreaBlonB are, if half of the oounter braces were ont of place, it would not 
effect It. 

Q. What, then, wa« the necesBity of pntting in counters at all f 

A. It enables the bringlDg of the bridge to a perfect bearing, and to receive a shook 
of a train at the higheet speed. 

Q. Do not the oonnters eerve the purpose of carrying a large load to the fhrther abnt- . 
meut from tbe load; and for that reawin are thay not absolntely necessary to the bridge T 

A. As you go to the centre of the bridge, the counter becomes a. main brace. Near 
each end of the bridge they have but little service to perform, otherwise than to receive 
a shock, as a train may strike it 

Q. If these oonnten were to drop ont near the center of the bridge, wonld it not 
effect the struoture of the bridge I 

A. If they should drop ont to a large extent — If several, of them dropped oat of 
place, it might. 

Q. Would it not, in youi Judgment, if the bridge should carry a weight of three 
hundred tons above dead weight, resnlt in the deetrnction of the bridge! 

A. No, sir; you may examine any oUl bridge that has been np for a series of yean, 
and that has never been screwed np, yoa will find two-thirds of the oonutec braoee 
loose in that bridge. These matters, however, I speak of. I suppose yon don't take 
note of this. This is not my testimony. 

Ur. Converse : I think he ia taking everything. (The reporter.) 

Witness: I give you that, having been an old loidge-ballder. I give yon the infor- 
mation. 

By Mr. Convene: It is important. 

Wituees : It can be proved, by finding yourself the facts, in sny old wooden bridge. 

Q. Why was not some other meana designed and provided for to hold both the m«ja 
and counter braces In their old places, after the lugs had been chipped off, In changing 
the bridge t 

A. The lags were pat on more for oonvenlenoe in raising ; the supposition being that 
the atiain pnt on the braoee, with >he use of the screws, would bring so heavy a &iotion 
upon them that there wonld be no occasion for any lugs. 

Q. I will isk yoD, sir, whether it is not the universal practice to provide some means 
for the holding of these braces in place T 

A. Hot that I am aware of: 

Q. I will ask yon, sir, if the authorities, without exception, don't require some means 
to be provided for holding these braoee la place f 

A. They were held by clamp bolts, at inteTBeotions. I snppoee that wonld be sniH- 
cient to keep them in place. 

Qaestion i^>eated by Ur. Converse. 

A. I am not aware of such. 

(}. Can yon name a single authority who states that it is not neoessary to provide 
oth^ means than the mere preasuM, saoh as luge, eto.f 

A. I never notnoed an aUntfon to it. 
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Q By any of the writoraT 
A. No,ur. 

Q. If oue-eighth of an inch in the lengthenii^ of the tie lod allowed the coimter to 
drop oDt, wonldn't it require soioe proTision to be made to hold them in plaoe I 

A. The tie rod would not elongate an eighth of an inch imlesB It was too we^ for 
tide pmpofle, SB the; ore tightened op fire or aiz feet with a wrench, and intended to 
pat npon the rod a mnch gteater atr^n thou the load itaelt 

Q. What was the lateral bracing between the lateral chords of the bridget 

A. [Examinee paper.] Two and one-half by one-half inch. 

Q. Flatbart 

A. Yea. 

Q. How neat together were they placed T 

A. I don't leoollect the nnmber. 

<). Were the; not at every other pAnel f 

A. The panels might hare been twice aa long aa the other puiela, and they oome to- 
gether directl; through the entire length of the bridge ; thej inteneoted each other ; I 
mean, in other words, there was no place hat where there were l^eral braces. 

43. The qaeetlon which I pat was, were the; not aimply at erer; other panel f 

A. No, sir. 

Q. OfthetrneaT 
' A. The; were not at erer; panel; but the panel might have been longer titan the 
vertical panels. 

Q, Were the; not twenty-two ftot from these lateral braces I 

A> In other words, yon aak whether the panels were not tweoty-two feet longer 1 

Q. No, sir; tiie brace in the lower ohoidsf 

A. Ho, sir. 

<J. What dlatanee were they t 

A. They came together. 

Q. How do yon mean come together? 

A. I willm^e a diagram. [Diagram made and shown to oomnuttee.] 

Q. Blow &r apart were the atrutB, between the lower ohoids of the bridge T 

A. The atmte wheie the diagonal brace* were attached, do yon mean t 

Q. An; of them. 

A. I don't recollect that ; they might have been tweut;-two feet. 

Q. Now theee rods, that yon apeak of as braees, two and one-half by one-Utlf, were 
they not simply ties, instead of biaoeef Was it not tension employed, instead of oom- 
preemont 

A. Tea. 

<). Will yon explain what effect snch a compreasion and tieing wonld have npon tiie 
lower chorda of a bridge ; is it not an element of weakness which wonld give it no 
ateength whatever T 

A. No, sir ; on the contrary, it was on the priuolple of a perfect trass as applied 
wonld act, for the pnipoae designed. 

Q. Iiet me ask ;on this qneation ; whether theee ties, that yon apeak of, didn't orooa 
eaoh other in the center of each of these lateral strata throogh the lower chord I 

A. It ia possible ; bnt there were stmts where the hracee iBteraeot at the ebotds. 

Q. An yon anie on that paint f 

A. Tea. 

Q. Have yon a photograph of tlie bridge taken h; the oompaay t 
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A. Tee. 

Q. le it here T 

A. Tea. 

Q. Will yon examine it and see whether joti are not miatakeu T 

A. I dOD't tblok it will ^ow tbat featnie ; those bottom lat«ralB had hat very little 
service to perfoim ; the bridge would be very safe, even without any laterals there, it 
waa 80 rery thick. 

Q. Would not the tie bars, b«aring tensile stn^ns, aa yon have stated, draw the lower 
obord nearer together T [Photograph of hridge referred to.] 

A. No, dir; the whole weight of the bridge draws the tniBses; there is great strain 
apon. the chorda, and makes them very ■tiff'. 

Q, Wonld it not hare been much etrongfii if the tie-rods had been fsatoned to eaok 
of the brace blocks, so that the panel la the lower ends would have been of tbe same 
size as the panel in the chord t 
A. That wouldn't have made material difference, nnleas the bar wea larger. 
Q. What waa the size of the bridge t 

A. I have known bridges to be erected 

Q. What was the rize of the stnit between the lower chords f 
A. That I don't reoolleoC. My {mpressions are, T roils. 

Q. Will yan explain to the oommittoe how the track and ties weie supported on the 
bridgel 

A There were three seven-inoh beams to each panel ; ander each rail there were 
three stringers, bolted tagether, lapping each other, six by thirteen inches or rix by 
fbnrteen, I am not certain which. In addition to that there were two other stringara, I 
think the same size, neat the onUlde of the bridge, upon which there were, when the 
bridge waa conetmoted originally, three-by-foar cross-ties spiked on to those stringers, 
on whloh the rails were. 

Q. How were these iron cross-ties fastened te the upper chords of the hridge, if fitst- 
«ned at an t 

A. My ImpreMlona are that they were fastened by loop bolts passing over the beams 
and then ftetened nndemeath the top chorda, the nnta resting upon the washer. 
<). How many of those beams were there to a panel, did yon say t 
A. Thrae. 

Q. Please state whether or not the resting of those iron r^le npon the top chord in 
the centre of the panel wonld not weaken the npper chord f 
A. I don't think they would. 

Q. Was it nanal to have thoee beams resting on the top chord between the ponela in 
the strongest bridgest 

A. It has always been done ; yes, sir. 

Q. What Is the pnrpoae of the upper chord T and what fa the strain put npon it f 
What is the natnre of the strain pnt upon It T 
A The natnreof the strain of the npper chord is that troas (referring to photograph). 
Q. In the carrying of live weight on the girder In the centre panel here, and strun* 
jug in a different direction, don't it tend to weaken the upper chord t 
A. It has always been regarded to be so minotely as to have no account taken of It. 
Q. Isn't it nsaal to place these cross-beams to strengthen the pane] t 
A. The top chOTde are designed to he strong enough to do the dnty. 
<). What was the sii« of the top chord T 
A. Four-by-seven inch beams — five of them— parallel. 
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Q. Wlutt shape f 

A. T. 

Q. WbatwaBthesizeof theJangef 

A. One-half inch thick, I think, b; tOar. 

Q. What was the size of the web T 

A. ' One-half inch. 

Q. Will jou be kind enoagh to taka yonr pencil and give na the snrflace of the iron 
on that chord, and tell ns how mncb Btrain it will beail 

A. I wish to coneot the size of the webs. The top chord varied from oae-half inch 
np to one inch in thickness, being thicker in the middle and lighter at the ends. 

Qneation repeated. 

A. Three hundred and seventy-five tons. 

Q. How mach do yon aaloDlate to the square inch in that t 

A. Thirty-five thousaud ponnds. 

^. How many inches of snT&ce do yon moke each of the sttingen t 

A. Top chords f 

Q. Yes. 

A. Two hnndied and teu inches. 

Q. Not in each stringer t 

A. Yes, sir — I beg your pardon — no, sir. I am mistaken about that. Fiity-two 
inches and a firaction over. 

Q. Bow mnoh, then, would that be t What would be the resistanoe — flfty-two 
inches, divided into five bars — which you had in the upper chord to resist T 

A Possibly the pressure of nine hnndred tons. 

Q. Waa not the dead weight of this bridge nuai five hondied tonsT 

A. No, air. 

Q. What was the dead weight of the bridge, as you remember it T 

A. My impreisaion was, sometliing over one hundred UnB. I don't reoallDOt just ex- 
actly, but yon mnst bear in mind tiiere were two tmsBea. 

Q. Do you remember what tbe dead weight was per lineal fbot t 

A. Of the bridge itself I 

Q. Yes { including cross-ties and tracks. 

A. It wouldn't be for from a ton to the foot run. That may not be accurate. 

Q. Could it be as mnoh aa. three thousand two hundred pounds to the foot f 

A That bridge T 

Q. Dead weight. 

A. I think it could not. One thousand six hundred ponnds to the trnes, you mean. I 
think it was not sa mnoh aa that. 

Q. How fltr apart were the two tracks that went over tbe bridge t 

A. Seven feet. 

Q. How near parpeudicnlor above the truss would that bring T 

A. It would bring one rail npon each truss. 

Q. By Ur. Bums. The outside f 

A. The ontdde rail of each track wonld be over each tnua. 

Q. By Ur. Converse. Tbe outer edge or Inuei edge I 

A. It would bring the centre of each rail near the centre of eaok tnua— the oaMdo 
rail near tbe centre of each truss. 

Q. Would not the bridge have to be nearly twice as strong to eaxty two tnoks in 
that way than what wonld be required to oairy one traok la the centre T 
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A. Ye«, sir ; twice aa strong. 

Q. With tlie BtraiD of nine hundred toDS on the upper chords, a dead weight, and the 
added weight of a loaded train and two locomotives, ;on may etat« to the committee 
whether that wouldn't prodnca the Htrain nearly to the oapaolt; of the iron in the nppw 
ohofdiiT 

A. I thick we ore mixed in that a little. Did you anderatand me to say that ttie 
bridge had a atiain of nine hundred tone t 

Q. Was capable of hearing nine hundred tons. I will Change the qneation. If you 
allow a dead weight of three thonsand two hundred ponnda to the foot, wouldn't then a 
loaded train going on one chord on one side of the bridge atiain the chord nearly to ita 
capacity ? 

A. I have carefoUy conaldered the matter. With ite dead weight, which alone 
woaldn't attain any pdttion of that Iron, even with two traina upon it, to exceed bom 
eight to nine thonaand ponuda to the aqoaie inch, while it was capable of reaisting 
thirty thouaand ponnda to the aqnare inch. 

Q. Would not that one train on one side of the bridge stiain it as much aa two trains, 
or ueaHy so T 

A. It wonld strain the truaa paaaing over about eighty-five pw cent., or as much as it 
would were two trains paaaing over at the same time. 

Q. It is stated that when the bridge broke the bridge swung to the north, while the 
load was pitched off to the south. Can yon give ua any ezplauatiou npon that point — 
why it was ao T 

A. It Is very concluaive evidence, to my mind, that the bridge waa omried down by 
the aeoond locomotive in aome way leaving the track. The bridge was not strong 
enough to take a locomotive across off the rails. Had the bridge broken through weak- 
ness it would have pulled in the other direction. I understand you to aay that the 
bridge awung to the north T 
Q. Yes. 

A. Had the bridge broken ftom its own weakness, it is ooaolnsive to my mind it 
would have swung to the south. Iamconvinced,amodel test, to the extent of breaking a 
tmas, would show oonolusively that that truaa would fkll to the south and pnll the bridge 
to the south. An engine dropping on the cross floor beams wonld tend to deflect them and 
pull the tnua inward — that is, the truss to the north, that the train was paaeing over on, 
and when pulled to the north from a vertical line to a amall extent it would go down. 

Q. Tou stated a while ago, that the braoea wfie faatened together in the centre — will 
yon explain how they were fastened, and the effect of it upon the bridge T 

A. Theywerefaatenedbyloop-bolta through the yokes, which done, wonld keep them 
all in place. 
Q. What was the siie of ths loop-bolts f 

A. I am not certain whether it is three-fourth or seven-eight of an inch — I have so 
means of knowing. 
Q. Would either be snfBcient to strengthen to any oonslderahle extent the braces! 
A. It adds to the security of the braeea in keeping them in line. A brace twenty -one 
feet, without intermediate support, wonld hold a floor less than with the snpport at tfas 
middle hrac« — in other words, it is like a column ti^enty-one feetlong, compared with one 
half that length. 

Q. Wonld not this bridge have been stronger if your tie rods bad been oblique and 
tho braces perpendicular f 
A. Not as strong. 
6 AD 
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Q- DoM uot tbe 8treii£th of tha brace deoreage in proportion to its length! 

A. Unsapported it does. 

Q. Whether supported or not, does it not t 

&. The tensile to the rod, ia diminished in strength in its oaiiying oapaoity, jost in 
proportioD as the distance is longer on its angle then it would be vertical. This eystem 
malces the compressive memben ten feet, nine inob long— while on the ByBtem that yon 
snggest thej would be Dineteen and one-half feet long, therefore, they are mode stronger 
by being arranged in this wise. 

Q. 1b not the only support imparted to it, the strength which the oounter br^ce, bear- 
ing lateraUy in the middle T 

A. Each one hare U> snpport the other — all bind together. It wonld be impossible 
to crowd them oat of line, therefore, every one of the conotera and braces tend to snp- 
port each other. I have oonstrnoted front ten to fiAeen miles in length of Howe biidgea. 

<i. Have yon oooBtrnoted other bridges on the Hoire plan with wrought iron braoea, 
aa in this bridge? 

k. I have not. ' 

Q. Do you knowof another bridge t 

A. I do not. 

Q. Any where I 

A. No. 

Q. When yon found that Mr. Rogers had pnt a brace in wrong on the flrat patting up 
the bridge, do yon tbiak it was negligenoe In again trusting him with erection of the 
Btrnotore f 

A. No, sir; 1 think it was uot. He couldn't put the work together different than 
what I designed it. 

Q. Do you think it was wise toeutrost him with the erection of the bridge after that I 

A. I do. 

Q. What was the dze of the ties reaching from on chord to the otheiv- the sway roda t 

A. One and a qnarter inohea in diameter. 

Q. How &r a part were theyl 

A. Each panel eleven feet a part. 

Q. Were there not twice that t 

A. There were twenty-eight nsed— that wonld be right at fourteen panels. 

Q. How were they fastened to the chorda above and below — how were they drawn 
together I 

A. I don't recollect exactly. 

Q. Wonld it be bad workmanship if in catting of the lhi«adB npon these iron the 
size waa rednoed to three-qnart«[a of an iuoh where the size was an inch and a quarter t 

A. Yea, sir. From an inch and a quarter to three- quarters. 

Q. Have yon examined these rods to see whether they were materially redaced at the 
there endat 

A. No, sir. 

Q. How would it be to reduce to tive-oigbths at the thread ends t 
HA. From an inch and a quarter f 
Q. Whatever size they were. 

A. It wouldn't be a good Job, as I will stat« in this connection. My direotions there 
was carried oat. The vertical rods were enlarged so thattheinBide thread was the aame 
diamet«r m the nat it««lf. 
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Q. I am Hpeftking only of the away Foada, 

Q. By Mr. Bams: Thftt waa yonr direction r 

A. All the Tertical roda were made in that way so as to give the bolt the same 
Btreogth. 

(}. By Ht. Converae ; Did yon make a Btatement how they were fostened T 

A. I don't reelect. 

Q. What waa the uze ot the braces originally projected to be pat in the bridge and 
the connteiB. 

A. Seven inches T beams. 

Q. The flanges fonr iaoht 

A. Tea. 

Q. And tUe web seven t 

A. Tes. 

Q. Wbat lathe thickneaa of the flange and web t 

A. The coontera were tbree-fbnith and the main brace three-foiir web. 

Q. How waa the flange f 

A. I oan't give tbe exact thickness — the nsnal thickness of T beams. 

Q. Can yon give oa some Idea, so as to make our calculation upon that eultJectt 

A. My impressions are, about one-half of an inch. 

Q. How many of these beams were designed to beT And state whether they were 
varied in nnmber, as originally planed, as yon approach the centre of the bridge. 

A. The first portion was sapiwrted by vix abreast. 

Q. As originally planed T 

A. Yes ; and they diminished to thtee abreast from the middle panel, the other two be- 
ing counters. There waa need at the bridge five braces in each panel, and at tbe ends, 
six main braces. 

Q. How much less in size were these beams finally made f 

A. I don't know. 

Q. Are any of those beams seven inches now by fbnrl 

A. I nnderstand them to be ; they may be a fraction less. I nnderstood It to be the 
way I have given. 

Q. If there wet« six at the end of the bridge, waa it not after the bridge waa re-buIlt 
when five were pnt in at the end of the bridge, diminishing to the centre t 

A. Hy impressions are there waa six pnt in. Tbe bill shows that there were pnt in 
six at the end panels, fall length, and five at all tbe other panels. There is five at every 
panel. In some panels there are four main and one counter. And others, in tbe middle, 
there are three main and two counters. And at the end there are six main braces, and 
near the end, four main braces and one coonter. 

Q. Waa there not some trouble In finding rolls as originally projected T 

A. Not that I know of. 

(J. Had yon any interest In the roUing-mitl where they were designed I 

A. At that .time, not a dollar. 

Q. How long before, or after, did yon have, and who were the owners at that time 1 

A. 1 was not an owner ontO I left the charge of the road. The heavy stockholders 
wen Cbisholms, Jones, and my brother. I don't know who the otber one was. 

Q. What is jonr brother's namet 

A. A. B. Stone. The firm name was Stone, Cbisholms &, Joneo. 

Q. I will aak yon who waa the saperintendent of that part of the road lut yeart 
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A. The general Haperlatendent, Charlea Pajne ; the dmsion anperintendent wae Mr. 
Couch. 
Q. Whose iatj wonlrt it be to see to the bridge, uid to eiamiae it &om time to 

A. The dnty of Charles CotliDS, the chief engineer, general!;; who he relies npon to 
do that duty, I don't know. 

Q. Ought not snoh a BtrDctnie as that to be examined every few daye, while in use as 
BDcli a company as the " Lake Shore T " ' 

A. The bridge had etood a dozen years wlthont showiog any defect or woakoeBs; 
they wonld not be likely to examine it aa often. 

(J. I am only speaking what pmdenee wonld require. 

A. That wonld be extraordinaiy caution, more than is given to structures. 

Q. How often would, with ordinary oare, with the amount of travel an it, ougbt it to 
be examined t 

A. If done by bridge men, experienced men, as often as three montliB, thoronghly, 
and then, by the track men, quite fi:eqaently. 

Q. Would there be any necessity, from time to time, to tighten up the nuta and again 
loosen, on account of the temperature of the weather I 

A. Wonld not; the nuls are practically as tight in warm weather as in cold. 

Q. This examination, then, ought to be made for the pnrpose of observing whether 
an; thing has given away in any part of the structare —whether any nuts are loosened. 
And things of that kind. 

A. Yes, sir. 

tj. Why was it that the cars, and the people in them, were bnmt np after this acci- 
dent T What was the cauoe of it 1 

A. No ^onbt it might have been done from the locomotive, or from the stoves in each 

Q, The locomotive, as I nnderetand, was down in the bottom of the stream. 

A. That might have been ; it is probable, then, that the fire took place from the stoves. 

Q. Why didn't your company comply with the statute of the State, requiring stoves 
to be pat in that wonld not do that iu case of an accidentf 

A. I examined those stoves, and it was said they wonld notcanse fire; my conclusion 
was that they were more dangerous than tbe ones we used — tbat there was no safety 
about them any more than any other stoves. 

Q. Why didn't you heat the cars by steam from the locomotive f 

A. It isn't practicable ; no engine can furnish enough steam for its regnlar work and 
to heat the can also. The work of breaking with steam comes when the train is slack- 
ing np, and the steam for running the train is not in ose. 

Q. Your opinion is, then, that no stoves conld be provided that conld extingnisb a 
Hre in case of an accident. 

A. No, sir. 

Q, And that is the reason that yonr company made no effort or made no change in the 

A. Yes. 

Q. It has been stated that since this bridge fell that when tbe bridge was first com- 
pleted that it conldu't bear its own weight. Do yon know any thing about that t 

A. I never knew anything about that, I knew there was some trouble in rairing. 
When I found out of their being delayed in oonseqnenceof that, I went down and found 
tbe only thing wrong abont it was putting the braces flatwise instead of vertical; and 
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Binoe tbat naa remedied I never beard any otber thing not pnt in liglit as originallj de- 
signed. 1 never heard any difflcnlty about it. That did cause trouble. They were not 
dengned to go that way, and it would oaii*e trouble In raisicg the bridge. AB soon as 
that waa remedied there was no trouble. 

Q. Then yon didn't ha-re to change the original plan Bft«r that was arraoged t 

A. No, air. 

Q. Mr. Bams: Hr. Stone, what, if any, examiuatioD or practical t«st of the self- 
extinguiahing stovea have yon seen made t 

A. 1 was called upon t« see a self-extinguishing stove at oue time, when I was presi- 
dent of the road, and iu my judgment it was of uo importauce — it was of no advautoge 
with fires carried upon ours. It is impossible. 

Q. What stove was that t 

A. I don't recollect the patentee's uame. I have furgotteu the pat«iit. I have seen 
two or three designs. I have only a general impression, becaase it didn't strike me 
favora1)ly at all of being any advantage as a practical stove. 

Q. Ur. Brnnuei : Did you ever see the Wintlow stove f 

A. I think that ie the one that I saw. (Circular shown to witness,) 

Q. Hr. Converse : One is for wood and the other is for coal f 

A. I never saw the coal, I saw the wood. This, in a certain way, will put out the 
fire, but 1 don't ibiok It is a practical et«ve. 

Q. Mr. Bnms: Have yon any recollection, Mr. Stone, of having said to any one, or 
more than one, when the Ashtabula bridge was referred to, " that wasn't a good hrige ; 
it wasn't built as yoa would indorse ; you didn't indorse the bridge fnlly after the bridge 
was builtT" And did you make on expression like this, ''that is not my bridge 1" 

A. I never said it, and I never thought it. I never shirk rDsponsibility. At the time 
we erected the bridge we was making tbe roa<l very perfect, and put up what we 
thongbt there a very perfect bridge. A better bridge wonld have been, probably, a 
stone bridge, or arch. At that time we bad determined what fonds we had to expend, 
as we wei« short. We designed this to be a first class bridge. 

Q. Mr. Converse : When the braces were taken out and put in as " 1 " braces, were 
the comeTB not clipped ofi' and the section sur&ce of the braces very mnch diminisbedT 

A. The comers were clipped off in some cases, but in no case, iu my judgment, to 
weaken tbe structure one particle. There was still left a much greater strength at the 
ends than there would be in tbe middle ; and very often you will find iron reduced one- 
third at the ends from their sectional size iu the middle, and still have more strength in 
the ends than at the middle. They would cripple before they would crush. 

Q. Isn't it, on many of those'flanges, clipped away for an inch and a half T 

A. Ho, sir. 

Q. I don't mean square inch, I mean flange F 

A. No, sir; if oue-fonrth of the entire area was reduced it wouldn't weaken tbe 

Q. Well, when the bridge was going up, did yon give your personal attention to it T 

A. No, sir. 

Q. Did you employ any skilled engineer, or inalmct the man to make an experiment 
with the bridge, or examine it, or superintend itt 

A, The iron work was done by as thorough a master machinist as I know of. And 
when he worked at the plans that was all there was of it. And when the bridge was 
tested I was present, with a very heavy load. 
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Q. How often were yon thsre whila it w»s being Bracf«d — pnt up t 

A. I WBB at the ahops frequently and examined the ports as the machuiiats were 
making them. But during the erection of the bridge I don't think I wae there but once. 

Q. Did yon go there at all natil you were ient for by Hr. Rogers, etatiag tliat the 
bridgo had settled nearly six inches, taking the camber off at the time T 

A. I never heard of any such report as that. I beard there was some difficulty about 
the braces. I think I was present at the bridge soon after oommeuoing to raise it, aod 
then when it waa reported to me about its not coming together I went down to see what 
the trouble was. 

Q. Did Mr. Collins bring yoa the word, when yon went down T 

A. My impreasion is that he did, hut J am not oertain, however. 

Q. You were there, then, only the once I 

A. I think I was there twice. 1 think I was there three different times. I was there 
when they commenced raising it, and when the trouble waa reported to me, and then 
when it was tested — there at least three times ; and my impression is four times. When - 
the t«st wae made it was stilfer than I supposed. 

Q. Mr. Wilstee: If a train be passing over the bridge at the rate of ten or fll^«en 
mUes per hour, and the air breaks be applied, what effect would it have T 

A. It would throw a strain npon it, bat very small. 

Q. Mr. BrowD : What, lu your opinion, was the probable coat of building that 
bridge, with stone archers T 

A. We had it fignered at the time, but I have forgotten what they were — not to ex- 
ceed tl5,000 at the time. 

q.- This present bridge ia estimated to have cost (75,000 or (80,000 1 

A. That is a mistake. The iron bridge cost — I don't know what it cOet — my im- 
pression is that it cost tt5,000. The iron bridge and masonry cost, possibly, what yon 

Q. We got the impression that it was the iron bridge iUelf T 

A. That is a mistake. I think It ooal not far ftom |100 perfoot. It might possibly 
be more. Iron was very high then. I can't stale positively, but not lees than tlOO per 
foot. 

Q. The building had stone arches, that's what broaght it np T 

A. Yes. Uy impressions ar« that estimate was in the neighborhood of |100 or 
(115 per foot. Mr. Collins may have the data that he had before ns at the time. 

Q. Mr. Converse : What would be the effect upon this bridge if a loaded train, with 
two locomotives, mnning on it on the south side, and the wind blowing from the north, 
if one or all of those sway rods were to break — how would you expect it to act under 
sueh circumstances. 

A. With sixteen lines of timber &om end to end, as they were, and fastened as they 
were, covered ftom end to end with ties, fastened from side to ude to the bridge, my 
judgment would be that, together with the great thickness of the truss, which is twice 
as much as any other bridge, as you would find, that it would be an extraoi^nary wind 
that would affect it at all. If there wasn't lateral bracing— 

Q. Sway rodst 

A. Sway rods. That, take two in between them abatments, the way it was fastened, 
would present a very strong lateral strength. 

Q. Woold or would not a wind blowing fL-om the north pnt n strain upon these away 
lodst 
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A. k certain stfoiii apoii them, bat the troMea thenuelTee IiBTe doable the lat«T«1 
HtifiiieBB of an; tcwm upon on iron bridge tli»t I know o£ 

Q. The upper chord was bolted erer; fire fbett 

A. 1 think ho. 

Q. Will yon state to the committee irhether that mode of fastening the beam Mid 
the apper chord together was not an element of weakneafi T 

A. I will state that it is an element of strength. 

Q. Didn't weaken the cboid in Autening them in that way I 

A. The apper ohotaT 



Yee. 



A. No,^. 

Q. Theee bolts that went in these five feet, they were not tamed bolts, neither were 
tbejr put in hot, to fill the holes. So far as the resiHtance of oompresBion was canoemed, 
wouldn't it have been the same aa if the hole might have been empty f 

A. These hole wei« made — the surploe strength was more than four times, according 
to my calcniation, what would be required in rods. Clamps were osed on the bottom 
chords to prevent tension, 

Q. Can you get for us the original plans and speeifioations T 

A. Well, Mr. Newell or Ui. Collins; they can be got in that way from Hr. Newell or 
Hr. Collins, if they have it. I don't know. 1 havn't seen it. If yon shonld not succeed 
in getting it I will be willing to do anything that I can. Too are right newr the office. 



Bnx or iBoir fob AsBTAsm-^ Bbidqk. 
C P. 4- A. B. B.—Juls 20, 1863— JahfohOa Brtdgt. 



12 I beams for top chord, 21 fi>et 10 inches, with 1 



4S I floor Joists, SO feet, t inch neck. 
3 bus B iron, 5 by 1|, 5G feet 10^ inchee. 
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so f«el B iron, E b; 1. 



lBpiec«a 


3* by* 


SifeetainobaB. 


3Sbftra 


m 0, 21 feet. 


32 " 


2 in. 


31 feet 


*6 " 


HO, 


" 


K " 


IfO, 


" 


46 " 


ISO, 


" 


16 " 


1*0, 


" 


IS " 


2i]i.O, 


11 feet 6 inches. 



C. F. 4- A. B. B. Co., addiUaruU blU o/inntfitr Athiabula Bridge. 
28 diagonal bnocB, 15 feet, li. 
28 " "12 " U. 

12 top and bottom lateral, 38 feet 7 inohes, S| bj i. 
10 end " " 21 " 2* by*. 

38 WMbera, 4 feet 1 inch, 6 by 1. 
76 " 3 " ftj " 5byl. 

AQgnBt5, 1863. 

Above copied ftom Clerehuid Boiling Hill book marked " Back Orders ;" also, the fol- 

C. P. 4- A. B. a., for AAtahula Bridge. 
ID, 36 feet each. 



8 ban, 6 by 1| ir 
Hanh 17, IBM. 



C. F.4-A.B.B. Co.—Congdm. 



8 bars, 5 by 1} ii 
July 8, 1864. 
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TESTIMONY OP CHARLES COLLINS. 



Cliarlee Collins, being dnl; swom, teetifled a» follom: 

a. By Vi. ConTerw : What is your fnU name f 

A. Charles CoilinB. 

Q. Where ia yonr place of reaidODOeT 

A. Cleveluid. 

<t. How long have ;oa reeided in Cleveland f 

A. HoHt of tbe tune since IKIO, with the exception of about two years I have been 
away, bnt oonatantiy since 18S9. 

Q. What reUtloas do yoa snatain to the Lake Shoiie Railroad Company T 

A. I am the engineer and poichasing-agent in my department. 

Q. What section of the road have yon charge of as engineer! 

A. The entire line. 

Q. YoQ may state ythat pointe T 

A. From Baffalo to Chicago, with the branohea. 

Q. How long have yon held that poeition T 

A. Bimoe 1659, bnt not on the eutiie line. I have held the office on some part of the 
line. 

Q. What relation did yon anatain to the company at the time of the so-called Ashta- 
bala bridge was bnilt T 

A. The same as I do now. 

Q. What year was that erected in T 

A. It waa commenced in 1B63, and finished in 1665, to the best of my recollection. 

Q. Did you reside any portion of that time at Ashtabnla 1 

A. I was there a portion of the time, hat my home was here. 

Q. How long had the bridge been built that was osed heforn this one — before the one 
that was wrecked on the 29th of December T 

A. It waa bailt in 18S2, and was used up to the time we commenced to lue the iron 
bridge in 1B85. I believe it was tfWS. I am speaking to the best of my recollection. 

Q. Where are the'plaoB and speetfloatlons to that bridge t 

A. I do n't know, sir. 

Q. Do you know where either of them are f 

A. No, air. Ifothiog more than the plan that was before the Jury at Ariitabala. I 
snppOM it is the same. 

Q. Was that tbe original plan 1 

A. It ia the only one that I ever saw, i6x. From the date on it, 1 ahoald Judge it was 
an original plan — a general plan. 

Q. Were there any apeoiflcatloae accompanying the plan T 

A. This plan T No, sir, not to my knowledge. 

<). Is n't this plan that yon apeak of a fall plan of what is known as the working- 

A. No, sir. 
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Q. WeT« there not working plans nude f 

A. I BQppose there were. 

Q. WMt became of themT 

A. I don't know. 

Q. Did yon ever see them t 

A. No, sir ; I have no reoolleotion of seeing them, 

Q. Why «K not sach things preeetred by the eompou; I 

A. They are generally, sir; bat this seems to be on exceptional oBaa in every par- 
tionlar. 

Q. When did yon first discover that these papers were absent flrom yonc offlceT 

A. They never were at my offloe. 

Q. Did nt they I>elong at yonr offloe T 

A. They shonld have belonged there. 

Q. Why were they not, then, at youi office, if they belonged there T 

A. The reason is this: About the time this bridge was commenced, or before, the 
Cleveland, Painesville, and Ashtabula Railroad Company sought to get a tine from James- 
town to Franklinton. They imposed that dnty on me. When they done that, the presi- 
dent of the road says : " Yon have so mnch to do with the Ashtabala bridge, I will get a 
bridge-man for the Ashtabala bridge, and we will relieve yon entirely." That is the 

Q. When did yon make search for the plans and specifl cations, if yoa ever made any t 

A. I never saw the plans or speolfioations — that is the working plans. The plans 
were inqnired for in my office, and the oleik searched for them and coold n't find them. 

Q. When was that T 

A. That was ^ce this calamity. 

Q. So fiv as yon know, the plans and specifications remained with the president of the 
company! 

A. Yes, sir. I think, sir, they were ap at the shop where the bridge was conetmcted— 
where the work was done. They would natnrally want the working plans there. 

Q, Wouldn't they naturally want the working plans and specifications where the 
bridge was to 1>e set np afterward f 

A. Yes, sir, I suppose they would. 

Q. State whether the examinadou of this bridge came under yoa as an officer of the 
company. 

A. The examination of the bridge I Yes, to parties under me. They were working 
under my direction. 

Q. Why shonld it belong to them, instead of yourself, to see if it were done, il yon 
were engineer! 

A. I couldn't inspect all the bridges myself. I have got to trust somewhat to men. 
Hy instmotion to men is, if there was any point they were Ln donht, to consul^ me. 

Q, You did authorize them 1 

A. Tes. 

Q. When did yoa anthorice and direct to make the examination of them, and when t 

A. O. H. Bead is the head of the department. 

Q. When was ha directed to make an examination T ^ 

A. He has no specified time to make examinations. Whenever at such times as he 
thinks it is necessary. 

Q. I understood you a moment ago that you directed the examination to be mode 
whenever yoa thought it was proper 1 
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A. The; hftre a general order. I noald like to explain a IlUle ftirther aboat the or- 
ganiiation of the biidge men and oarpenteia before tbe consolidation. For instance, 
&om BaffiUo to Erie, from Erie to Clvveland, Cleveland to Toledo, each of those divis- 
ionB had a bridge gang and a carpenter, who took care of the bridges. Afl«r the con- 
solidation, that organization remained the same, and to it wbb added this general bridge 
man or BUperinteudeat of bridges. 

Q. When did this Reed, who ie charged with thU dnty, make a report to yon in rela- 
tion to thia bridge I 

A. In September, I tbink. 

Q. What report did he make then I 

A. It was right. 

Q. It was in good condition ! 

A. Yen. 

Q. Was that report made in writing, or vertial T 

A. Verbal. 

Q. le it the habit of j'onr company la direct its officers to make examinations, and 
Hunpl; make Terbal reports, or are they required to be in writing, so as to be placed on 
record t 

A. They are not required to be In writing, the ordinary daily bneineae of the road. 

Q. How often did yon direct that bridge to be exan^ned t 

A. Never bad any specified time ; he was directed to keep np the Inspection properly. 

Q. Did be not have instmotlonB from his superiois, in the line of hie dntiea, as to 
' when and bow tbe examination shoald be made I 

A. There was no time speoifled. 

Q. Hy question was, " How often ;" not as to speolfied time. 

A. That was in hii Jn^meot. 

Q. What bnaineas, or duties, bad yon to perform, then, as chief superintendent, or 
engineer, which over it was, if yon conid simply appoint yoni subordinates and rely 
npon their Judgment as to what was to be done withont any written report, or anything 

A. Hy instmctions to him was, if he fonnd anything that he was not satisfied with, 
or wished oounsel, to call npon me. 

Q. Does it not strike yon that that is a very loose way to do bnsineaa, with snob vast 
interests, and property, and men's lives involved 1 

A. No, sir; I thonght everything was weU taken eare of. 

Q. By Mr. Collins r I will ask yon whether yon ever made a statement to various 
peraons, in relation to this Ashtabala bridge that was wrecked, " that yon were not re- 
Bpousible fi>r it ; that yon didn't want the public or anybody else to nnderstand that yon 
were respon^ble for it ; tbat it was Stone's bridge, and that you never had, or wonld 
have anything to do with it T 

A. It is a mistake. 

Q. Did yon moke any statement in that direction f 

A. No, sir. 

Q. I will ask you, if Hr. Bogers called npon you when the bridge was settling dovm, 
and asked advise of yon, and whether ;on declined to give it, as officer of tbe road T 

A. I was staying at Ashtabula over Snnday, and he came to my bonse on 8anday and 
wanted me to go down to the bridge with him ; I never had l>een there to see the work, 
and didn't wish to interfere with it, and deolined. He asked me as a personal matter to 
go, and I went. 
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Q. Did he oak yon what ahould be done in the matter, or vliat he should do, and did 
yon decline to give him any Information t 

A. I eoid to him, sir, that the hracea were in wrong ; they got them in flat, instead 
of on the edge, in my opinion ; but I have no directions to give in regard to it, as I had 
nothing to do with it ; I may have said that the president, or Hr. Stoue, should attend 
to this bridge matter — that is, the bridge matter. 

Q. Did you say to Ur. Kogers that yon would notify Hr. Stone, and have him oome 
down and see about It T 

A. Re requested ma to ask him. 

Q. Did yon do sot 

A. I did. 

Q. Row BOOn after tliat f 

A. This was Sunday, and this was on the fbllowing Uonday morning, I think. 

<J. Were yon there when Mr. Stone was there t 

A. Mi. Stone invited me to go, and I did. 

Q. Wliat did yon discover as to the condition of the bridge, when yon went with 
Mr. Stone T 

A. Mi. Stone remarked that the braces were wrong ; he was very mnoh surprised to 
find the braces in that position, and it was wrong, and not as lie designed. 

Q. I didn't ask yon what Mr. Stone remarked ; I aaked yon what yon discovered ; 
that is what I want to know. 

A. I discovered nothing more than that the braces were not in a proper position. 

Q. Was the structure then up, and resting upon the trestle work T 

A. I think It was, sir. 

Q. Rad the wedges been poshed out &om nnder it, to see if it would settle a little f 

A. Standing in that conditioa, at that time, I couldo't tell you, sir. 

Q. How mnoh had it settled at the time you went book to look at it with Mr. Stoue T 

A. I don't know. 

Q. Was there any counter brace in tliat bridge at that time t 

A. I don't know. 

Q. Was it still resting upon the trestle 1 

A. I think it was; that is my recollection. 

Q. Well, you may state whether any directions were given to Mr. Roger* tliat day in 
relation to that bridge I 

A. I don't know what directions were given. 

Q. Will yon be kind enough to state whether Ui. Stone didn't return to Cleveluid, 
stating he wonld think the matter over, and wonld give him directions in a day or two t 

A. He went to Cleveland that day, to the best of my reoollectian. 

Q. Do yon know how soon he went back again t 

A I don't know. 

Q. How long after the firat visit t 

A. I conldn't fix the time. 

Q. About how long t 

A. My recollection is very poor upon that ; I don't know. 

Q. What was the progress of the bridge in the erection at the time yon went ba«k 
the second time, &om what it was when yon were there in the first place f 

A. I think it was completed. I think I wasn't there again until it was. 

Q. Was that at the time it was tested T 

A. Tes. 
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Q. Do I nndeNtaud yoa to say that ;od oever mentioDnd to an; one that this bridge 
was not yoniB, aod yoa didn't desiie to have the raapoiuiibility of it ia aaj manner T 

A. No, ail ; an I statxd before when asked about it, I declined io have anything to do 
with it, from the fact (hat they had appointed some other man to bnild that bridge and 
take care of it; and tberefon I declined to hare anything to say abont it, and might 
have remarlced that it was Hr. Stone's or the PreHideat's bridge, and I didn't wish to IQ- 

Qaestion repeated. 

A. I have no recollectioii of n^g that language, or anything of the kind. 
Q. Do yoa know what changes were made in the bridge after yon foand it on the 
braoM when yon visited it with Mr. Stone T 
A. I know of one change that was made then. What others were made, I don't 

Q. State what they were. 

A. That was in toming the braces, and patting In an additional number. 

Q. How many were put in, in addition to what there were there when yon visited it 
with Mr. Stone T 

A. I don't know, only in the first set of braces. 

Q. Row mnch was the increase in the first set t 

A. Two in each set, I believe. 

Q. Clear through the whole bridge T 

A. No, sir ; that is In the first set of brtces after that. 

Q. Two on each side, is itT 

A. In each additional brace there was an additional two, making eight; that ia to 
the beet of my reeolleotion. 

Q. How soon after the stmctnre was erected was it that it came onder your care as 
engineer T 

A. . I don't know ; I can't recollect. It was the time of the building of the second 
track was in progreas ; at the same time in making the fill fh>m the old fill to the new ; 
it was some time in ld66; I will not be positive as to the date. 

Q. Did yon ever make an inapestion of that bridge yeorself T 

A. Yes, sir. 

Q. When was the first T 

A. Soon afterward* I was In It when the train went over it, and passed throogh it. 

Q. Did yon make any fhrther inspection of it than simply in it when the trains were 
pasung over it t 

A. I looked over It at that time. 

Q. Did yon look at it as an engioeei, to see whether there was any weakness, or any- 
thing wrong abont itt 

A. I noticed it. 

Q. In the examination, what did yon find In the bridge to hold the braces in position 
on the brace blockst 

A. There was the yoke aronnd the center and the easing on the ude of the angle 
blocks. 

Q, Were they not all chipped off T 

A. Not all. 

Q. When the additional number was pnt int 

A. No, wit, not alL 
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Q, Well, the logs, were tbe; not ueatlf all chipped off when the change was ntode in 
the bridge f 

A. I think not, (dr. 

Q. How mtuiy of them f 

A. I oonldn't eay, eir. 

Q. If ;oa examined tbe bridge, why did yon not ezunine that point to see whetlker 
thoM iQgB had been clipped, and to see how muiy remained. 

A. I didn't aee any trouble in the braoes when the bridge wu fixed. 

Q. Yon knew that some of those logs bad been chipped off when yon made the in- 
spection. The qoeatioD whioh I put le, why didn't yon make the examination, and know 
Jnet bow many theie were, and Juat what there were to hold theae braces T 

A. I didn't notice tben^ was anything to effect in any way mateiial. I didn't anp- 
pose tbe braces wonld get out of position. 

Q. Wae there anything to hold it except this little snpport in tbe center-^ve- 
eighths 

A. That ie tbe main tbing, I sappoo*. 

Q. Would yon regard that as any material strength in the constmotion of a bridge to 
bold large braces in position — seven-eighthB olsapa aronnd the oenter! 

A. Tee, sir, I shonld, sir. 

Q. Was it enfflclent, then t 

A. I never knew anything to tbe contrary. 

Q. I will ask yos as an edncated engineer, who is snppoaed to know all abont this 
snbject. I want to know if in yonr jndgment if that was sufficient to fasten all those 
bracee in their place I 

A. I oODSider it was, with the block and the yoke. 

Q. In tbe absence of the yoke, would it be snfflcient I 

A. I think not. 

Q. In the absence of the logs,' in the place of blocks, wonld the yoke be enfflclent to 
hold tbe braces in theii placet 

A* I think it would. 

Q. In the Inspection which yon made of tbe bridge at that time and every time after- 
ward did yon notice, that those braces had been clipped off at theends, when the ohaoge 

A. Catting tbe oomere off t 

Q. Yes. 

A. Cutting the comete off. Yee. 

Q. Did that tend to weaken the biaoea t 

A. I think not, sir. 

Q. Wonld it not tend to throw the line of compression away &om the centra I 

A. I don't consider it would effect it materially. 

Q. If the centre line of compraeeion ie thrown ont of centre of the stmt, would it not 
weaken it very much t 

A. Not without it was out to some great extent. 

<J. Snppoee it was only one-half an inch f 

A. It wouldn't effect It materially. 

Q. Ton think then, that the stmt eleven fiset long, the line of comprewion being one- 
half inch «ut of tbe line of the centre iron, would make no difieronoefn its itrongtbaa ft 
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A. No, air ; I don't think it would oSeot it matArially. 

Q. Did yon notice at the time whether the sway rods connected the brww blooks, each 
brace block at the end of each panel, crowing each other t 

A. tty impreBsion is now, it woe at every other panel. 

Q. Would it have been better if they had been at every panel I 

A. It would have been better, sir. 

Q. Can yoa state to tbe committee, how Qoat to each other the strnte are fhnu one 
lower chord to the other chotd t 

A. I don't recollect positively ; bnt I think they were in every other obord. 

Q. Twenty-two feet t 

A. Every other panel, I think, sir. 

q. The tension rods, how were they connected, between the lower oborde, at what 
point on the lower chords were the tension rods ooaaectod ninning from one lower ohord 
to the other. How large was the panel, in the lower plan of the bridge T 

A. The Btrnt mnning from ohord to chord t 

Q. I am speaking of tie« drawing against the strnt. How far apart they weret 

A. Tbey mn every oUter panel. 

Q. They would be twenty-two feet apart T 

A. That is my impression about it. 

Q. I will oak you, if yon can state, whether they are attached at the odd panel, dif- 
fering from those, where the strut is, so that those chords cross eaoh other f 

A. I don't know. 

Q. If the; did that, wouldn't Chat destroy the efficiency of the stmt, and tbe tie bar T 

A. They wouldn't be as serviceable. 

Q. Would they be of any practical value at all I 

A. Yes, I think they would. ■ 

Q. What would be the effect of drawing ap these ohords, we are speakiog of new, on 
the lower chords of the bridge t 

A. I don't think it would draw them out of line. 

Q. Have yon at any time made any caloulAtlon of the weight of tJie bridge and the 
strength of the metal in itT 

Q. Can you state to the committee, whether the original plan which you speak of, 
has ever been sent before the coroner's J ary, with notations of the size of those beams, or 
braces or the braoe blocks t 

A, I don't reooUeot, sir. 

Q- Can you tell me what is the size of the braces, or main braces. 

A. They are six inches, that is my recollection, and about four-inch flanges. 

Q. Were any of them seven inches I 

A. I don't leoollect that they were, sir. 

Q. Did yon ever nnderstand, that they were to have been seven inches f 

A. No, sir. 

Q. Can you gives nsthe thicknesaof the flanges, and the widthT 

Q. If there should be marked npon the original plan that the brooe-blooks, logs, were 
six inches apart, leaving a epaoe of six inches between them, what would that indicate f 
A. That the braces were laid flatways. 
Q. Suppose there was a log, also, below where the btaoe was fit in, fbrtber down the 
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angle of the braoe-blook — I Bpeak of the lag on the brooe-blook on eooh side, Ax luohM, 
now I speak of one lower down, neanr the edge of the bntoe-blook. 

A. T think there wse, sir, 

Q. Yon saj that it was marked in that shape, eii inches square, that it would in- 
dicate that the braces wei« to go in flatwise T 

A. Yes. 

Q. When yoD went with Hr. Stone, I will ask you if the biftce-blocks didn't indicaM 
that thing. 

A. I think it did. 

Q. Were the braces ■put in that way b; the mistake of Mr. Roger or mistake of the 
original plan f 

A. I don't know. 

(j, I will aeft yon, as on enginoer, wbether these braces onght not to have been fos- 
tened together, so they woald all have acted together as one beomt 

A. I don't know; I have no experience in building that kind of bridges. 

<t. Withoat experience in that particalat kind of a bridge, what would you say from 
f onr knowledge on the snbject of bracks T 

A. I should aay it would be better to have them faateued together. 

Q. If they were not so fastened, then wouldn't that be one defect in the plan of the 
bridge? Would it be a defect in the plan of the bridge! 

A. I don't think it wonld be one that would produce any material disarrangement. 

Q. Yonr opinion, then, wonld be that it would not be mat-erial whether tbis brace was 
oomposed of one piece of iron or a half dozen, there being the somesar&cefbrpiessnreT 

A. If proportioned right I think it wonld answer the purpose, and enongh of them. 

Q. I am speaking of the some quantity and the shape. 

A. I think it wonld be better to fasten together. 

Q. I understood that a moment ago, and I understood you also to state that it would 
make no material difference. 

A. I don't think it wonld. 

<J. Wonld it affect materially the strength, bracett of the same qnautity of iron and 
same snrfaee for ptessore, whether it was divided into a half dozen pieces oi whether but 
one I 

A. It might if there was a surplus of material. 

Q. I mean the same quantity of material in a brace. 

A. The same amount of mat«rial would be better. 

Q. Wonld it make material difference whether it was one beam or six beams, it being 
the same qaontity for the brace t 

A. If they were held by tlie clamp, not if there wasn't any clamp to bind them, if 
they were not locked. 

Q. Suppose they are looked firmly, that would leave yonr braces eleven fbet, wonldnt 
itt 

A. Yes, sir. 

Q. Wouldn't it be materially weaker T 

A. It would be some. 

Q, Have yon ever known another bridge to be built of wrought-lrou on this plant 

A. No, Bii. 

Q, State to the committee whether this bridge was an experiment or not. 

A. I should think it wao, rather, so tar as I wbb oonoerned. 
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Q. I vill ask yon whether the npper chorda in each tmw of this bridge was not tlie 
aame size from end to endt 

A. I think not, sir. 

Q. If there is any difference, will yon be kind enongb to state it T 

A. Hy recollection now is that they run from five-eightha to an Inch or an inch and 
one-eighth; I won't be poeitive of it; that is my recollection, sir, now. 

Q. Do yon know whether the ties, or panel-ties, are the sune sise thionghont the 
bridge, or nhether they vaiy T 

A. I conldn't tell you, six. 

Q, Isn't that what yon have in yonr miud, when jon think that there ie a dlffbrenee 
between the end and the centre of the bridgel Isn't it ties that you are thinking of 
rather than the npper chord t 

A. No, air; the npper chord. 

Q. State what the difference waa in the width of the chorda. 

A. From the end of the panel, my recollection of it now is, to the masoniy not aa 
wide, with that eiception it wsa the same width thoughont, air. 

Q. In speaking of the thtckness of the material for the npper chord, will yon give ns 
some idea how it progressed from thin lo thick t 

A. I conldn't tell yon, air. In the erection of the bridge I had nothing to do with it, 
and have never made any thorongb examination of it myself; it is being done now. 

Q. Who is doing it! 

A. Mr. J. C. WillJama and Mayor Hepbnm ai« making the drawings; they are mak- 
ing np the plane— planning the parts as they are In the bridge. 

Q. If it ehontd tnrn out, in this bridge, that the npper chord was the some eii« 
thronghont the bridge, wonld that be an error in Judgment in its completiont 

A, I think it would, sti. 

Q. Have yon seen a statement from any engineer, who hae been examining the wreck, 
showing that the panels on either side of the centre of the bridge were too weak, by an 
actnal measurement of the metai I 

A. No, sir, I have not read the teatimony in tke case, and have not seen that state- 

Q. Did yon ever see or examine the strain sheets of this hridgeT 
A. Vo, sir. There is one beifig made now, air. 

Q. How do you get the idea, and from what source, thmli the npper chord is Qiicker aa 
yon approach the center of the bridge T 
A. Une of the bridge men told nie that, and am now making as exauiinntlon to sea 

Q. Ton didn't speak of it from yooi own obaerration ) 
A. I haven't taken measnrement of it myself. 
Qneation repeated. 
A. I have not yet, air. 
Q. Hover, at any time, on that point t 
A. No, air. 

Q. Did yon ever, at any time, make an examination with a view to determine, your- 
self, the exact strength of the bridget 
A. Nothing more than lielng in it and upon it, and see the Mtion of the brain upon il , 
Q. Never made any mathematical calcnlation or meaaarementf , 

A. Notlung more than the bottom chord. 
Q. What «as tlie ^ of the bottom ohord t 
7ad 
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A. It is donble ban — five doable bars of &v* inohes in width by ad inch and three- 
•ightba or an inch and a half. 
Q. What, In yourJudgmenC, was the cause of this accident ( 

A. I don't huaw, ^. It looks very mnoh, sir, thai something came off the track ; 
that a ow couldn't run off the track — that is only theory — without some tampering with 
the bridge; that something of that hind — iu fact, I don't know; I had better answer the 
qnestton " I don't know." 
Q. I aah for yom Judgment. 

A. I couldn't fix any thing upon it that would do; I might theorize upon it. I say I 
don't know. 
Q. Have you any opinion npon that anbject t 
A. No, sir. 

Q. State whether there was guide rails across the bridge. 
A. Yes, on tioth sides, and extending a short distance t>oth ways. 
Q. Would it not prevent any car or losomotive from jumping the track t 
A. I expect it would, sir, unless there had been some tampering between the rails. 
Q. What was the strength of the cross-ties 1 
A. I believe three by Ave, 
Q. How close together? 

A. I think abont two inches or an inch and a half. 
Q. Broad T 
A. Yes. 

Q. Stat« whether a looomotive and train of cars couldn't ran across that, on that 
planking, without breaking. 
A. It could, if it was Tunning parallel with the rail or stringers. 
Q. If it kept near the gaard rail it conld ran from end to end t 
A. Yee. 

Q. What was there below tbis flooring npon which it restedT 
A. Stringers. 

Q. What was the size of those T 
A. I think they were six by foortoen. 
Q. What did they rest npon T 
A. On the iron floor beams. 
Q. How many iron floor beams were there! 

A. There was three panels — forty-two or forty-three in the whole length of the bridge, 
I believe, sir. 

Q. State whether there was any thing placed on the floor on the top chord to dis- 
tribute the weight — in other words, to strengthen the chords in the panel 
A. Putting the floor tieams on the upper chord. 
Q. Isn't that an nnnanal way I 
A. I don't know; it Is done, sir. 

Q. Ought there aot to be something else there to aasiat in carrying the weight to the 
end of the panel F 
A. I don't see why it should be ; it don't occnr to me now. 

Q. I will ask you whether this chord— whether its particular office isn't simply to re- 
sist the compresaionT If, then, in addition to that force of compression, it is obliged to 
carry the whole toad of a train passing over it, doesn't that double the strain upon itf 
In addition to the compreaaiTe strain, inn't there this lateral stn^ npon each panel t 
A. With additional weight upon itf 
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Q. Additional atralnT 

A. It makes an additional strain when the weight comes npon it, if there ia enough 
comes upon it. 

Q. I know. lant there a diiect strain upon the chord, the weight of the tiain pass- 
ing over it ia the way in which this was fixed, throwing the weight on the panels iiist«ad 
of thtDwiug it at the end of the panel — inatead of throwing it ou the brass blocks and 
oommonicate it to the chord therel 

A. The arrangement, I believe, first The angle block was very neu it; I will not be 
sure ; tome where about eighteen inches. Then the atiingBi, sixteen by fourteen, woold 
cany It from panel to panel. It would be a very alight spring bkck. Three pieces, riz 
by fourteen, wonld carry without much deflection. 

Q, Well, three of those etringers, six by fourteen, wonld carry a locomotive that 
wonld weigh forty tons, would it I 

A. It ia entirely sufficient, sir. 

Q. If there was any weakness in the upper chord, I will ask whether it wonldn't add 
to its weaknesB in that place — that is, the floor beams directly ou the chord, without any 
thing else to distribute the weight to the end of the panel, except the wooden chord that 
rests on the floor beams T 

A. Yes, it would, if. it had a weakness. 

Q. Can yon state whether it ia nsnal to put these floor-beams directly ou the upper 
chord, oi whether it is usual to pat something else there, to strengthen the npper chord at 
that particular place I 

A. I think it is generally pnt upon the end. 

Q. Direct T 

A. Yes. 

Q. Was this bridge intended for a double track bridge T 

A. It was bnilt for a doable track bridge. 

Q. Htate to the committee whether, with a double track apon it, one-half of the trains 
wouldn't rest direotly over the chord, or perhaps project out over it on one aide. 

A. Allowing a car to be ten feet, which I believe they ore, it wonld be five feet from 
tbe centre of the rail to the outside of the car ; that wonld be two feet and one-half car 
outside of the rails ; then tbe chord is two feet nine inches entire width ;, half of that 
wonld be a foot and four and a half inches | that would give the pcqjection beyond the 

Q, Wouldn't it be more than that f Wouldn't the ontride rail extend directly over 
tbe chord on this bridge! 

A. Yea. 

Q. The centre chord t 

A. I think it ia the centre chord. 

Q. What is the width of the track T 

A. It is abiiut flre feet from outward to oatword rul. 

Q. Then it wonld extend two and a half feet beyondt 

A. If the cor was ten foet, tbe car wonld be two and a half foet outside of the rail. 

Q. It wonld be outside of the centre chord, then, two and a half feet T 

A. The ca^-yM, oUowIug It to be ten feet. 

Q. Wonld a bridge of this kind be strosger If it had been wider and the chords fitrther 

A. I don't know why it ehonld, sir, if th« materiola were prepaied right. 
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Q. State whether the bridge wodM have to be twice aa atrong, or mote ttii,n that, if 
uxed for a double track, than if it waa naed for a aingie track. 

A. Yes, air. 

Q. Have ;ou been ap to the wteok alaoe it oocorred t 

A. Yea, aft. 

Q. Have you examined any of the btace blocks there t 

A. 1 have, air. 

Q. Did yon notice, fh>m the paint marks opon It, that theae braces had elipped ont of 
position T 

A. I noticed that some of them had at right anglua from the blocka. 

Q. How far had any of them been removed T 

A. I didn't meaaare it, air. 

Q. Some of them aa much as two or three inches f 

A. Ithinknot; no more than one-half of that. 

Q- Did jroQ notice any of these brace blocka broken in two T 

A. No. 

Q. I will ask yon whether yon noticed any of theae' away roda there I 

A, I didn't ; I wonld like to make a statement. 

Q. Certoinly. 

A. When this accident occnrred I had to pat np a temporary bridge ; therefore it took 
my time to get materials and men, and didn't have time to make an examination of the 
materiala as I wonld like to haTe done, and it is almoat impoaaible to do it aatia&otorily 
nutil onr treatle work was done and a diagrammadeof it, wbichia now being done; and 
I wlah to state, too, I don't think the gentlemen that are making the figures npon that 
can agree until that matter la settled. As to the firm position, and at leaat the materiala 
in the bridge, I have not had time, air, and didn't make an examination there, aa I 
would like to have made. 

Q. I waa going to call yonr attention to this subject, whether yon had noticed any of 
those sway roda— say one and oue-fonrth inch sway rods— that had been cut down to 
five-eightha. 

A. No, air. 

Q. In the ontting of the threadst 

A. No, air ; I have not made any examination. 

Q. Did you notice any of the beams of the npper ohord f 

A. Ifo,eir. 
. Q. What would be the efiect on a bridge snoh aa this was, and a train running on 
■.-.the south aide of it, serosa the aide of it, and anppoee there waa a gale blowing &om the 
- north at the time, and if one or more of these sway rods were to break t 

A. The reault wonld be bad. 

Q. How would youeipeot the bridge to aotl What poaition wonld it falll How 
would it behavet 

A. I hardly know ; I don't know wbat e^ct the flooring would hare on the train in 
the going down of the bridge; it isdifflcnlt forme toform any opinion. Thefioottuns 
acrooB the bridge, and spiked to all the stringers; anything striking that floor, if it was 
on the south chord, the floor wonld lie so atiff that it would throw it off— throw the oar> 
or train in one direction, and the bridge wonld go the o^er ; whatever would strike 
tliat door, and together with the T rails, with the chord on one side to give way when 
the train was, I should expect to see the floor going in one direction and the oars in Om 
other, on aooonut of the floor ; that ia what I should expect. 
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Q. What would be the effect on a bridge like that with a train raDning on it at the 
rate of t«ia or twelve miles an boor, and in mnniDg on it, wonld appl; the air- brakes for 
the purpose of stopping the tninf 

A. 1 dont know how much it woald affect it. If the brakes were applied to a train 
so a« to slacken up the train gradnaUf , and if it would come tc^^her with a compreA- 
aion, it might raise a whe«l of the car from the track. 

Q. What would be the effect on the bridge il«elf t 8tat« whether it would be a mate- 
rial matter, in jour Judgment. 

A. I don't think it wonld be a material matter. 

Q. What direction wonld the force be applied t« the bridge in that case 1 

A. Siiddea checking might produce a vibration of the bridge. 

Q. Suppose, at the other end of the train, yon apphed steam to the air-braket, and 
applied steam, for forward motion, on the othect 

A. I don't think it would affect the bridge materially. 

Q. Where would this strain comeT Where wonld the force expend itself— that ia, 
the two forces — where wonld they expend themselvesl 

A. The one pulling back and the other pnlling fbrward, breaking a train, I dont 
think it would affect the bridge. 

Q. WoDldn't it compress the bridge — the two ends— drawing it together I ' 

A. I don't think it would materially. It might have some forue, but not materially. 

Q. Yon think it wouldn't materiall)' affect a bridge of this kind T 

A. I think so, air. 

Q. I will ask yon whether it is part of your duty, as engineer, to look after the gen- 
eral safety of the rolling stock t 

A. 2fo, sir ; I have nothing to do with it. 

Q. I will ask you, why were not these cara supplied with some aort of stove that 
wouldn't burn up in case of accident t 

A. I don't know, sir. I have nothing to do with the rolling stock of the road. 

Q. Do yon know of any such stoves t 

A. I have heard, sir, with water underneath ; for instance, if it was capsized, the 
water wonld pnt it ont. 

Q. What stove was it t 

A. This was the Winslow stove, I think, sir. 

Q. What wBB the probable cost of this iron stmctnre t 

A. I really don't know, sir. 

Q. Can yon tell me what it was intended to support per lineal foot, dead weight, and, 
also, live weight T 

A. I can't tell yon, sir. 

Q. Can you tell ns bow much mors expensive it wonld have been to bnild a stone 
Stmctnra than an iron one t ' 

A. There was estimates made, but I don't lecoUect now. 

Q. Can you give ni some idea, for onr own direction, on tbat pointi 

A. I wonld,like to give an idea: hut that might mislead, »nd Bometime%makeB trouble, 
because there's a difference in opinion. I don't know what the bridge cost. To begin 
with, T can give you my opinion — 1*25,000 difference. 

Q. By Mr. Bums : Suppose it sbonid turn ont that the sway rods were an inch and a 
qnarterin diameter, and the thread at the bottom was five-eighths of an inch — cut down 
to that — wonld yon oaH that good workmanship in that bridge, taking every thing into 
consideration t 
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A. I don't reallj anilerHtBiid it. 

Q. 8uppoae it ahonld turn ont that the diameter of the sway rods at the bottom 
thread waa five-eighths of an inch, while the bolouoe of the lod rnn Utrongh at an ioeh 
and a qaaiter, would yon oall it good workmanship f 

A. No, sir. 

Q, By Hr. Stooe : Did jon fouraelf, aa engineer of the road, evet make a tborongh 
inspection of that bridge t 

A. So far as looking at it for the safety of the trains. 

Q. Did you oonaider that you bod made a thorough inspection 1 That is the qneetioa. 

A. To make an analysis of the bridge, I didn't. 

Q. I mean, by making a thorough iospeotion of the road, auoh ou one as would satisfy 
yon in yonr own mind that that bridge was perfectly esfe. 

A. Tea ; that it was peifecty safe. 

Q. I understand you that yon made snch an inspection. 

A. Yes. 

Q. How long rince did yon make snob an examination t 

A. I don't know. It has been some time. I have been on the bridge often and 
mode an examiuatton- 

Q. Yon say yon don't know how long it is T 

A. No, wr. 

Q. About the length of time 1 

A. That, properly, belongs to the bridge inspector. 

Q. By Mr. Converge : I will ask you one questJon more : Did the company, or any of 
ita oEflcera, glse any orders not to throw water on that wreck I 

A. Not to my knowlede, sir. 

Q. What preparations did the company make for protection in case of Bre there t 

A. At the bridge T 

Q. Yes. 

A. There were two barrels, sunk into the ground, at either end of the bridge, with 
brine ; they were there. 

Q. I will ask yon whether there was a hydrant oonneoted with the water-power there 
near the bridge T 

A. It was not a regalar hydrant. There was a pipe, so as to attach a hoee. 

Q. Did the company ever provide a hose t 

A. There has never been a hose put there. ' 

Q. Why not I 

A. It was pnt there more for having a fountain, or for any purpose that we might 
want to use the water-works. 

Q. By Mr. Bmnner. Is there a regular watch at that bridge T 

A. There was not, but there Is now. 

Q. By Mr. Wilteae. No preparation for putting ont a flief 

A. There is now. 

Q. By Mr. Bums. There is a pnmp-bouse at the bottom of the hill t 

A. Yea. 

Q. That ie the engine T 

A. Yes. 

Q. For the parxHMe of throwing water ont of the creek np to your 
hillf 

A. Yes, sir. 
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Q. Wbftt iB the bright of thftt reservoir above the creek t 

A. It ia aboat i06 feet. 

Q. Yon have aa en^ne-boiue with the capacity of throwluf; water ap from the oreek 
np into that reserroii T 

A. Yee. We odI; commenoed doing it, thoagb. 

Q. The engine-honse was there at the time of the break 1 

A. Yes. 

Q. State whether yon had on apparatos, or way of attaching a hose at the engiiie- 

A. There was connection with a pipe. 

Q. At the eDgiue-hoiue f 

A. Yes. 

Q. Did yoD have a hose at the eugine-hoasa on that ocoaMon I 

A. No, sir. 

Q. Never had I 

A. No, sir. That was made there thinking, perbape, we might want that water for 
some purpose, and the men pnt in the water-works thinking we might want a fountain 
there at some time ; bnt since this destrnction thera has been a hose ordered 1 

Q. I wish yoa woald explain to the committee what. If an;, facility yon bad there 
under your control, or the company's, by which yoa oonld pnt water on that Hie as the 
can were burning. 

A. We hadn't an;. 

Q. Nothing more than buckets t 

A. No, sir. 

Q. Then i onderstand you to say that ontside of the aaaistance that yon might hava 
had from the village, the company bad no facility for throwing water through a hoae or 
otherwise except by buckets on that fiie f 

A. No,Bir. 

Q. It is true of yoni own personal knowledge f 

A. I don't know any thing to the contrary, sir. 

Q. I mean at that day— at that point — there was no &cUity for throwing water 
through a hose I 

A. We had none there. 

Q. State to the committee whether the village hose, or the hose of the vUlage Br* 
department, fitted the fire ping at the abutment of yonr bridge, if you know. 

A. I don't know-~I ounldn't tell you. 

Q. State to the committee, then, if you know, what hoee and what flre-plng that 
ramoi refers to abont the employ^ of the company not being able to fit the bose on te 
the plug t 

A. The person at the pnmp-house told me that he tried it and it wouldn't fit. It 
didn't go on easy, and he snpposed it wouldn't fit at all. He afterward fbnnd oat, by 
wrenching bard, it oould be got on, 

Q. Wbat wouldn't go on f 

A. The cupping, 

Q. The hose capping T 

A. That is what I understood. 

Q, What bose cupping ! 

A. The village. He told me had tried it. 
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Q. He i» yonr employet T 

A. Tea. 

Q. At the pamp-honae ( 

A. Tu. 

Q. When waa it T Did he tell you that he had tried to pat it on dariag the flt« t 

A. No, sir. Hb didn't state any time 1 

Q. Wlien did yon auderetand him. that he had been making that experimeat f 

A. He didn't mention any time— I couldn't really say. 

Q. State whether, from any soaroe that you know, that any ezpetiinent of that kind 
was made with the Tillage hose on the fire-plug during the time of the fire t 

A. I don't, sir. 

<J. What ia the name of the geuClemao that told you t 

A. JameB Hanning. 

Q. Is he the manager of the pump-honse T 

A. He runs the pump. 

Q. By Ur. Convene. How were thoae floor heaou attached to the upper chord, or 
Kutened to it t 

A. There wae lugs riveted on the floor beams, resting on the inside of the chord, and 
then the etlrraps. 

Q. What is the sise of the stirrup 1 

A. I oouMn't tell yon— flye inches or eight. I onnldn't tell yon. 

Q. Now, right in that oouneotion, what would be the effect of applying air brakes on 
that bridge, npon these floor beami, as to whether it wouldn't shore them right along f 

A. I think not, sir. 

Q. What would there be to pravsnt that, except this little stirrup, if there waa one t 

A. The rtuKng having fish-bolts to it, the rail couldn't move, I don't see how it 
could trenafer tUia motion t4> the beam, sir. 

Q. Is it unusual for these rails to break in the cose of an accident of any kind T 

A. Well, we have aometimea a broken rail, sir. 

(J. Why oouldn't the whole bridge be shoved right along — break off clear — aay down 
this chord; it isn't veij fer, of oonrso it oouldn't go but a few feet before it would 
•trike the panel. Why oouldn't the whole of it be shoved right along ! 

A. You would have to take the tail with it. I don't aee how you oould take the 
raila, spikes, and fiah-platee on it. 

Q. Suppose yon move the whole rail T 

A. I don't see how that conld be done. The Hsh-plate ou the rail, aud the rail fast- 
ened, aloped, and spiked. 

Q. How were those lugs put on the floor f 

A. Riveted it on the beams. 

Q. By Ur. Stone. la it not the habit with engineers on the road to run under a fnll 
head of at«am Just as long as they can, in order to have time to cheek up when thay 
atop at different stations t 

A. So aa to moke a ahorter time at the atation. 

<j. That being the foot, and this bridge being near the station, and running, aa you 
aay, as £ut as they can, in order to make the check at the station, and that being done 
•very day, and than go out under a full head of ateam, would not that in time have an 
•flbct, or damage the strength of that bridge 1 

A. If the train waa aoddenly slacked, aud the train coming together auddenly, it 
might n^ae the wheel off of the track. 
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Q. That thing kept ap every Aaj there, io clote to the atation, would it not ia time 
hmve a material effect npon the bridge t 

A. It would be a very long time that It would have an; effect. 

Q. B; Mr. Brows. Would there be any necesrit; of the oompan;'B keeping a hose 
there at that engine-house, coDsideriDg that t« be an iron bridge t I understand it Is 
only at wooden bridges. 

k. We would have a hoa« there, probably, if there was no bridge there, for the pur- 
pose of wetting the ground and keeping the grass bright — we often do — oud if there 
sfaonld be a fire about the building or ooal-house, or abont the vicinity, it could be nsed 
for fire purposes. 

Q. It wouldn't be a necessity as fax as the bridge was oonoerned t 

A. No, sir ; I don't think it would. 
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TESTIMONY OF ALBERT CONGDON. 



Albert Coogdon, beiog duly ewom, teati&ed as follows: 

Q. By Mr. Converse : Wlkat iByonrfallnamet 

A. Albert Congilon. 

<J. Where do you reside t 

A. At Elyiio, Ohio. 

Q. State whether yoa weie at any time in the employ of the Lake Shore lUilroad 
Company. 

A. I was in the employ of the Clevehuid, PainsviUe and Ashtalinlu, finally the Iiake 
8I10K Railroad Company as yon call it, for about six'een jvan, perhaps. 

Q. Jast stat« between what period in answer to the same intiniry. 

A. FromAprill, 18G6, Ithinh, toAprill, ltt71orl873. I declare I don't know which, 
1871 or 1873. 

Q. State whether yoo hod any thing to do with the erection uf the so called Asbtabula 
railroad bridge. 

A. I had to do with the mannf^cturing. That ia, fitting up the different parts of the 
bridge. 

Q. In what capacity were yon employed t 

A. A master machsniat. 

Q. Who fDmished the plan for the Ashtabula bridge,' that yoa worked by T 

A. The plans were handed to me by Hr. Tomlinson, I think a man by the name of 
Tomlinson drafted the plans. 

Q. State whether yon had any thing else to do in connection with the bridge, except 
the manufacturing of the parts of it, at the maahine shops T 

A. Well, I had, I ordered some poriJon of the materials. I made some little sketches 
for articles that we applied to the bridge to strengthen certain parts. 

Q. Just Btat« what parte— give ds the items. 

A. If I had the plan of the bridge, it wonld help me considerably I think I can give 
it eo you can onderstand it ; the plan of the bridge would help a gi>od deal. 

(At this point the plan of the bridge was sent for.) 

Q, Xon can proceed now, so state what pari«, as well as yon can. 

A. Well, the end braces, for instance, the braces in the end panel, I mode a atrap or 
stay, to stay those braces. 

Q. By Mr. Haynes: I wonld like to know, at whose instance that was done, nnder 
whose direction. 

A. Well, it was done after I had pointed oat to Mr. Stone, and made my anggestion 
to him; he told me to go on and do aa I had suggested. Mr. Stone was the President of 
the road. 

Q. By Mi. Converse : What prorision did yoa make to strengthen those bracea f 

A. I pat a heavy strap of iron on the top bracea, and passed the bolts down throngh ; 
that, with a heavy etivng strap under the bottom chord, couuected the center bracing 
fliml; with the bottom chords. 
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Q. State whether that was of wHiaght iron. 

A. Yes, Bir. 

(}. By Hr. Haj-nea : Attached at each end T 

A. »o,8ir. 

Q. B; Mr. Converse : Where did it attach to the lower chord ftom the upper brace 
bleak r 

A. At the end of the bridge, where the Brat panel oommencM — that is, the braoea 
from tbe top angle blook. The Hrat angle bloolc in the bridge went book. There was an 
angle blook on the bottom chords that the suspenaion bolte passed down throngb the 
upper angle blocks ; and the nppet angle blocks, large bolte, with large heavy nnts on 
tliem; thoae nuta were torned aqnare, eo that the bar of iron I bad nndsr the chord, 70a 
know, would baek right up against those four nnts. For instance : the bolts might be, 
well, about li-inoh bolts, as I can reoolleet ; I haven't hod any time to refresh my mem- 
ory In reference to the bridge sinoe it was erected, about eleven years now. The nnder 
bottom chord backed ligbt np against these bolts' heads ; then between the bars there 
was a space for bolts to come up, so that I pnt another etrap right on tbe top ohord, right 
over the strap that I hod on the bottom dde of the ohord, and pat two bolts through 
that — through the two straps, so as to hold the straps together, so it wouldn't apring in 
the center. If I had these bolts altoohed to the straps at the end, the tendency would 
have been to have apmng together these strape under the center, so I put a strop above 
the bars, no it kept perfectly stiff, yon see. It made a short leverage on the strap. 

Q. That was only on the lower chord I 

A. Yes. ' 

Q. Did you make any other changes outside of that T 

A. I can give ygn a description. (Illustrates.) This strap went through here ; then 
from this bottom strap, he had two rods attached to that, one on each ^de of the chord, 
close to the ehord, to the bottom ohord that passed tbe braces ; then there was a hoop 
strap pnt aeroes that these bolts run through, and there 1 sorawed them down until 
they became solid, and put a nut on the end dde, you aee; and there were tbree 
bolts, tfto-incb bolts, I think, tiieie, that passed throngh this top strap, you know, 
book of the main brace there, passiug through between them, and were screwed in the 
angle block. The first angle blook they had, and very light, held in the oastiug; and 
from my practical knowledge of such matt«rs t was saUsfied that in a very few days, by 
the passing of engines or trains over the bridge, these threads in the oast-iron would 
orumble right out, becanse they hod only about an inch hold, about the number of six 
threads to the inch peihaps, »nd I thought it was very inefficient and very dangerous, 
and that was the reason of my making this additional security. These bolts passed 
through this sMp yon see into the casting — passed between these bars, with a good 
Strong thimble, and then they were screwed. A nnt was screwed on to the end. These 
three or four bolts, I forget which now, on the top of this strap there, held tbe thing 
stiff— very stiff. 

Q. Was that thimble cast T 

A. That thimble that went over the bolt merely acted as a stirrap, and the brace was 
only screwed np. I would n't screw the braoea down in the centre. 

Q. How many of them went put in the end braces t 

A. What do you mean t 

Q. These rods with tjie thimble running up and meeting the braces halfway. 

A. I am not positive; there were three or ibnr of them. 

Q. At each end of the panel T 
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A. Yes ; three or four of them ; ud the; nere as l»rge as two-iooh bolts, you know, 
of good iron. 

Q. Whftt other cbangee did jou mftke T 

A, Well, I pnt in larger bolu where the braces cross each other in each panel. For 
inetance, there were {- or 1 bolts put iu there origbolly, according to the plan, and I pnt 
in an Inch in there. I think in the fir^ place they were five inches to the rule. They 
damped or clustered the bars together. 

Q. Ton refer now to atiirapa and rods that pass around the braces in the ndddle I 

A. Yea. 

Q. Did you make any other changes f 

A.. The braces were put in originally in the bridge so that the web was in a boriEontal 
position. The braces were six Inches deep this way (Bhowtng), and had a flange on each 
end, about three or four inches. They were pnt in flat-wise like (showing). I saw them 
pointed like that (showing). I suggested to Mr. Stone the matter. I told him if they 
were turned edge-wise like that (showing], they would support more than twice the 
weight. I proved that idea ; and, in fact, he told me to go do, and do as I snggested. 

Q. When did yon moke the suggestion t^i Hr. Stone to change the beams Itom "H" to 
"I" beams t 

A. Tha "H"be&miB this way (ihowingj and the "I" beam is this way (showing). It 
was afbei the bridge, that is, the tmsses had been trntad, and were fonnd not to hold the 
camber in the bridge. I can't soy the day. 

Q. It was after the bridge, in tnot, had been sat npT 

A. The trusses had been set up and screwed up, and rested on the trestle weight. 

Q. And then yon let it down npon its own weight, and it wooldn't bold its own 
weight T 

A. Yes. 

Q. Do yon know whether Hr. Btons was sent for at that time to see the bridge 1 

A. I do n't know whether he was sent for or not. 

Q. ByMr. Haynes: Didheoomet 

A. He saw the bridge in that condition. I was with him. 

Q. By Mr. Converse: Do you remember whether Mr. Collins was there T 

A. He was not to my recollection. I am positive he was not. 

Q. I will ask yon to state now wheUter the braces were ohanged so as to make "I" 
beams at yonr anggestion I 

A. They were. 

Q. What other changes were made at that time, if any T 

A. At the time the braces were changed from horizontal to vertical, an additional 
number of bracca were put in. 

Q. How many additional f 

A. Well, there were two additional bracee put In — pnt at each end of the panel. 

Q. How many were in tbe end panels before 1 

A. I think there were four. 

Q. That made six T 

A. Yea. 

Q. How many were addsd to the second panel f 

A. That 1 can't recollect 

<J. Were tbere any additional f 

A. I can't say. 
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Q. If it should be foaod thftt there waa Ave in (ha second panel, eonld ;on say from 
that that there had been an additional nnmber pot in 1 

A. Tea, I iboiild say that there was ; that is my ImpraasioD. 

Q. Were yon there ivhen the bridge was put np— set np in plaoe T 

A. It was through the hracett ; setttBg; it up do yon meant 

<J. Tw. 

A. I TiBit«d H there, but only stayed a few minnteg, and be off again. It wasn't 
every day or every week. 

Q. 1 will aak yoD whether yon superintended the casting of the braos blocks t 

A. I didn't 

Q. Who mode the patterns f 

A. My pattern-maker. 

Q. What is his name f 

A, O. Hayward. 

Q. State whether the lugs on the brace blooliB were afterwards chipped off f 

A. Id ohanging the braces from horiEOntal to vertical, there was a portion of the logs 
chipped off. I will explain why it was. On each side of the brace blocks or plane that 
set in the angle to the bridge, there was a strip from some two and a half inches wide, 
planed lengthwise. Mr. Tomlinson made the drawings or working drawings for the 
angle blocks. WeU, for instanoc, I told Mr. Hayward to be very careful to make those 
patents exactly to the drawings, and before the castings were pat into the sand to have 
Ur. Tomlioson's approval that they were oorrect, and he did so. I knew that Mr. Tom- 
linson approved of the blocks before they were moalded. After they were «ast, iustend 
of their being perfectly plain parslld, the blooks were sprung in cooling, as metal will, 
so that they were orowning — that is, on the bearing side. 

Q. Well, that plane surface was not large enough for a set of bracee t 

A, That is all that I got planed, without planing the lugs off, so it gave me a gnage 
to go by, 

Q. What was the pnrpose or nse that tbwe Ings badt 

A. I dont wish to be examined as an expert; I can give you my judgment in the 

Q. Yon are a master-mechanic, and therefore ought to know what those parts were 
for. 

A. Well, it was after, althoagh I didn't ask what they were for, but it waa after, that 
It was Intended to keep the braces in position. 

Q. I will ask yon, when it became necessary to change these braces &«m "H" to"!" 
braces, wasn't yon obliged to chip those lags I 

A. A portion of them were chipped off. I didn't see that they were entirely ehipp«d 
off. But as to being any benefit to the braces after they were turned from " H" to " I," 
I didn't think they were. 

Q. Onght there not to have been some Udug to hold those braces in place 1 

A. I will answer yon according to my mechanical ability. I bare thought it was 
neoesaary to keep the end braces in position. 

Q. Have you manufiwtared other brace blooks besides those t 

A. Tee, sir. 

Q. Toa may state to the oommittee whether it is onstomary always to make aome 
provisi )n for holding the foot of the braces. 

A. In all the angle blocks I have made and fitted for bridges, and bavs fitted a good 
many, I ^ve always drilled in the holes in that w)dtion, for instance a five-eights, and 
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pnt B Jowell into the end of tbe timber in a proper po«itiou to go into that hole lu the 
casting. That, in a wooden bridge, is merely for the coDvenieiice of raising; there is 
more surface to a wooden brace, a great deal, and very oflen they get out of position. 

Q. Doesn't the Jotrell pin hold them in position T 

A. It does. You may tAke a five-eighths pin and driTe it into a pine stick, and it 
would take no great power to move it. 

Q. Let me ask yoa, in your judgment if it wouldn't have been wise to have had some 
such provision made for tbeae braces T 

A. By my Judgment it would have been well to have had thoae btaoes held firmly in 

Q. Above and below T 

A. More especially above. 

Q. Do yen know anything about on upper chord being too short at any timet 

A. Yes, sir. 

Q. State what ;on know about it t 

A. Ur. Sogers, the man that was erecting the bridge; be notiflod me that he wanted 
to sec me at Ashtabula, while he was erecting the bridge. I went to Ashtabula and met 
him, and he said that he couldn't get in the top chord, that it was too long, something 
over three inobee. Well, I knew it wasn't too long. I made it aeourately, according t« 
the drawings, and every thing according to the drawings, both top and bottom chord, 
and there wasn't a possibility of its being too long. I knew it. Well, he went on to 
explain. He said, ' ' Now you draw a base line," — the bridge was one hnndi«d and fifty 
feet long, and it was intended to be about four inches cunber — " yon draw a base line," 
he says, " then yon go to tlie center and erect a perpendicular of fonr inches, theb," he 
says, "yon draw a line from that perpendicnlar to the base line, aeveoty-flve feet, and 
then measure the perpendicular fiom tbe parallel line to the center, and then measure 
the distance from the angular line to the perpendicular— that is four inches raise ; and 
there is no doubt one-wxth of an inch difference between the two lines — hardly that." 
I saw that he didn't undent-and the principle of straoture. I listened to him, and was 
satisfied that he didn't undetBtaud, and I told him. Says I, "Mr. Sogers, yon dont ^> 
parently understand the principle of structure ; theie is no straight line about this ; it's 
segment circle," using terms to explain it to him. 

Q. Just tell OS the result. 

A. Well, he reported to Mr. Stone. Mi. Stone sent fbr me to come to his otBce. I 
went there. He told me that Mr. Sogers had reported to him that the top chord was 
too long, and told mo to shorten it. 

Q. By Ur. Bnms : That is, Mc. Stone 1 

A. Yes. I did bo; 1 shortened it. 

Q. By Mr. ConvetHe : Well, how muoh T 

A. I think, three inches and a qnart«r. Then they pnt the top chord in, screwed np 
the bolts, and nhen taking the blocks down from nndec the chords the bridge settled 
right down; it came down until it was about two and one-half inches concave ; and 
then they didn't take out any more; tliey stopped. And then Hr. Stone became ac- 
quainted with the state of things, and he asked me to go down to Ashtabula with him ; 
we went down and looked at the thing, and then he said that the top chord was too 
short, and it must be lengthened again to its original length. I lengthened it. 

Q. Row did yon lengthen it 1 

A. I pat in wrought iron plates between the ends, and bars onder tbe lugs. Far in- 
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HtBDce, the top angle blocks for the porpoBe of ban, batting ag&inst the lug there, I pat 

Q. Are thoaa pUtea called sbinB 1 
A. Some call them so. 
Q. How thiok were they T 

A. Some of the plates were oae-fourtb of an inch, and aome, I think, one-eighth ; 
that ia according to the beat of my reeollection. 
Q. What was tbe length of the hor In the npper chord t 
A. It was a little short of tweDt;-two feet ; I can't tell yon exactly. 
Q. That woald make seTCO spaces, wonldu't it t 

A, The panels were what was called eleven feet panel on the bottom chord, and then 
the crown of the bridjte made a little difference; and then one bar went oret two 
panelu, and then there were three luge, which wontd reduce the thickness of the lug. 

Q. Didn't jon pnt in two of those shins, one on each side of tbe lug, on the brace 
block! 
A. I did. 

Q. If the; were one-fonrth of an inch, the; woald make a half-inch stretch t 
A. U they were that. 
Q. There wonld he six of them t 
A. I suppose yon have figured it. 
Q. Yes. 

A. I suppose BO ; if they were one-fourth of an inch, end if there were six Ings on 
the brace block, that wonld make three inches for the lengtheniDg of the upper chord. 
Ton don't count the end of the angle block, where the btaoesetop, do- you I 
Q. No, sir. 

A. There was a shiu pnt in ; that woald make the seven. 
Q. By Mt. Borna : That wonld be throe-fourths of an inch t 
A. Tes. 

Q. By Hr, Converse: And then you lengthened it three-foorths of an inch by shlnsf 
A. Yes. 

Q. Stat« whether any other changes were made at that time. 
A- At tbe time of lengthening it I 
Q. Yes. 

A. No, sir; not at that time. 

Q. By Mr. Haynes: If those shins being put In there, would it strengthen it, or 
weaken the bridge t 
A. Neither. 

Q. By Mr. Bnms ; Did that testing of the counter differ from what it was originally 
Intended f 

A. Wheo those were pnt in, and the bolts were screwed up solid, then the wedges 
were reduced under the chords; this is before they were turned up edgewise; the bridge 
settled right down again to Its original convex shape, and when it got down two inches 
and a half, or near that, we didn't take oat any more blocks. 
Q. By Mr. Converse: That was the second time it had settled! 
A. Yes. 

Q. 8tat« what occurred then t 

A. Well, then, Mr. Btone, two weeks, I think, aft»r that, be called me to his office ; 
he tnmed and spoke to me and says, " Mt. Cougdon, that bridse doesn't quite snit me 
yet;" and then he stepped ; he didn't say anything further; and then I spoke ; I says: 
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" If yon will allow mo, I will express my opioioii and give you my views in referenoe to 
the bridge ;" or words to that efiact. Well, he didn't object to it, ho 1 went on. I told 
him, says I, " Yon will recollect wbeu yoD were down to the bridge and haviug cause to 
examine it, when we stood iu the center "^that was down in the bridge, on the plank 
to walk npou — " yoa perceived when we stood in the center of the bridge, the braces at 
the center panel stood abont — tkat is, they wasn't etraight — yon couldn't perceive that 
they were bent ; but you go to the next panel from the center and yon diMOvered they 
were a little bent, and more and more, and ineieased until we got to the end of the 

Q. What did he say T 

A. I kept right on; I says; "If those braces were tnmed up edgewise," says I, 
" tbey would be more than stiff again, and add no more weight to yonr bridge ; yoa 
wonld have more than twice the carrying weight without adding any extra weight to 
the bridge ;" and then I spoke to him about the fastening of the end panel, and gave my 
description how it conld be Siateued. 

Q. By Mr. Bums: In each end panel T 

A. Yes. 

Q. By Mr. Converse: State whether yon did at the same time, strengthen the laat 
panel, the bottom chord of the last panel I 

A. No, ur. 

Q. What foatening did you make for this small stmt, extending under the bridge I 

A. I gave a description of that. I pot a strap of iron right under the bottom chord, 
the second brace block, between the second and third brace blouka, clear up to the nuts 
in the second brace block, so tKat this strap bauked right up solid against those nuts, 
and then I put a strap right on there on Ihe top, right over the atf ap. I had under the 
bottom chord a bolt, the bottom strapped firmly to the top strap above the bottom 
chord. Under the bottom chord was forward an arm to it ; it projected up on the angle 
of the bolt or short strut that held the brace in the flrst panel at the centre. This arm 
was connected by an inch and three-fourths rod that paased through a heavy strap on 
the top of the end brace, and held fast to that by two nuta. 

Q. The point 1 was asking about, how did you fasten tlie end of the small strut to 
the bolt that yon placed at the bottom of the lower chord in the second pauelt 

A. A thimble. 

Q. How was that fostoned to this atrnt T 

A. It wasn't necessary. This was forwarded ther«, with an arm, and it was here it 
wM connected. 

Q. I wont to know how that connection was mode. Was that caat in one piece f 
Was the end of the brace extendiug through the length of the second panel on the 
lower chord, were they fastened at the second brace block t 

A. At the second brace block they were fastened, that covered the strap that was 
underneath the bottom chord. 

Q. I don't think yon got my question. The qnestion which I put was, I want to 
know how this short stmt was fastened to the plate, if at all. 

A. It wasn't fastened at all. 

Q. How onghl that plate, then, in the lower chord In the second panel, sustain the 
short strut t 

A. It went right around it 

4. Whether this short strut didn't go throngh the lower end and fasten at the nut at 
thft bottom T 
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A. No, Btr. 

Q. Was there any other foatenlag to the eod of this short stmt except its oonnectton 
with tbe casting T 

A. At the cuting only. 

Q. How were the splioei made Sit the upper chord t 

A. There were no splices in the npper chord- They broke Joint. 

Q. Were there any of those baia in the npper chord that passed over the brace block 1 

A. One bar. 

Q. Was tJiere any tliiiig to hold them to the hrace block t 

A. Hotbing bnt their weight and this bolt, that hod a washer under the head — the 
bolts that rested on top of the bars in the top chord. 

Q. What prevented the braces shoving the upper brace block along the upper cbordT 

A, They broke joint. I can show yon here. 

Q. I have it in my mind. 

A. Here is one bar, that laid close up to that lag on that brace block there. We 
passed over that brace block, yon see, np against the Ing, next to the one ontidde. 

Q. Was there any thing except the two Inga to keep the brace blocks from slipping 
along the npper chord 1 

A, There was nothing bat the Ings. 

Q. Were there more than two lags on the brace blocks T 

A.' I think not. 

Q. Waa tbeve any thing to keep the brace blocks &om slipping along the npper 

A. No, sir ; except the two lags. 

Q. I want to ask yon right here this qneation : Ongbt there not to haY« been soim 
provision made so that each one «t the bars in the npper chord might have been held at 
each brace block, instead of breaking joint I Might there not have been some device 
invented to have held each bar at tne brace block T 

A. Each bar waa held by the Inge. 

Q. There were only two bars held and three passed over T 

A. Each bar was held by the Ings. 

Q. Wasn't they held eleven feet apart I 

Q. I will ask yon, between the bottom chords, the bridge was mannfactnred and pnt 
np as represented on this plat, so that the ties passed over the end of the strnts between 
the bottom chorda, crosaing to the tie on the opposite aide, of whether the ties were pnt 
in at alteniate blocks, sroealng the stmt in the centre t 

A. They were not pat in according to the plan, bat they were pnt in eo that they 
crossed the stmt. 

Q. I will aak yon if that wasn't an element of weakncM in that bridge, in yom 
JndgmentT 

A. It might have made a trifle difference. 

Q. Did yon ever ride over that bridge f 

A. Yes, sir. 

Q. How did it behave nnder a Taonlng train t 

A. Well, I haven't observed, for a number of years. For perhaps three or fbnr yean 
after the bridge was erected I rode over it fteqnently, and it behaved very well. I can't 
say that I have rode over the bridge to obaerve how it behaved since it has been used 
much with A double track on it. 
8ad 
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Q, When waa the donble track pnt on t 

A. That I can't say to a certainty. 

Q. Wm that l3ridge mt«iided for a Hingle or donble track bridge T 

A. I never aaked what it naa intended for; bat it was of that width that it may 
hav« a donble track on it some day. 

Q. Did you ever stat« to any one that it was intended for a single track 1 

A. No, sir. I have stated it was very serrieeable for a single track. 

Q. Did yon Doderstand, when it was completed, from Mr. Stone or any of your snpe- 
riora, that it was intended for a single track I 

A. No, sir; I have never heard it ever Haggeet«d to me that it was intended (br a 
donble track. 

Q, By Ur. Haynes. I want to know whether both tracks were pnt on at the same 

A. One. 

Q. How long before the other t 

A. It seems to me it most have been some fbnr or five years before the other track 
was pnt on to be nsed as a main track. There was a side-track put on it, with the 
switch at the east end oJ the bridge, which, of coarse, need the north chord but a little. 

Q. The Honth track was pnt np fiistl 

A. As a main track it was pnt up first, that is to say, that the side-track, while a side- 
track, was on the north side of the track ; the side-track got a good dbal aeed more than 
the north track did; this sooth track was actually used more than the north truck. 

(J. What I want to know is whether one track was pnt np sometime before the other t 

A. Yes, air, it was. 

Q. How was the other attached to that f Was it the same as if both had b^en boilt 
at once I 

A. It was maved over one track ; when tbey were bnilding np the end of the bridge 
they pnt the rail on the south side of the bridge, outside on the truss from the main 
track that ran through the centre of the bridge, and used one track — one rail, yon know, 
of the main track ; and this extra tail they put on was ont on the edge of the bridge, for 
the purpose of damping dirt and mtUce a fill. 

Q. By Hr. Conveise. I will ask yon if yon know E. C. Gresnold, of Etyria I 

A. I think I know a man by that initial. 

Q, A book-store mant 

A. Yes. 

Q. Do yon know a man by the name of H. E. Flshet, grocer f 

A. Yes, sir. 

Q. I will ask yon if yon stated to either of them if yon always regarded this bridge 
aaafiulnrel 

A. No, sir. 

Q. I will ask yon to state now whether you didn't regard it as a failure 1 

A. Well, I suppose you want my opinion t 

Q. Yes. 

A. My opinion of the bridge — of oonrae you understand that I don't pret«nd to be an 
expert, but I have some Judgment about matters — perhaps if the bridge had been well 
attended to, which there is ample evidence that it was not, and that I should have 
recommended, when they used a double track, to pot in another truss. 

Q. By Ur. Bums. A third trussT 

A. Another truss, yes, ^r. 
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Q. By Hr. Haynes. From your experience in bnildin^ bridges, engineering, and your 
practice and knowledge aa a rtilroad man, do goa believe that that bridge, in yoar 
opinion, was aafe, for the amonnt of bssineHB on tbat rood T 

A. All thioga have an end, perhapat 

Q. Yea. 

A. I am Hatialled in my onn mind, that if the bridge bad been well attended to, aa 
soon as there vaa any thing wrong and Hbowing a dispoaitiou to be working ont of plaee, 
and faatened, aa it might been fastened easily, the bridge wonld hare been standing now. 
Bnt to use it as a doable bridge, and the lieviry machinery which they have added lo the 
mad since the bridge was opnipleted, I don't think it was safe. 

Q. Did yon visit the bridge of late yean I 

A. I haven't ezomiued the bridge sinoe two y^ira after It waacoMpIeted; and then it 
bad been nsed as a ungle main track bridge. I went down there and examined it aa 
tborongh aa I coald, with tbe facilltiea I had for climbing around it, and examined the 
ehord more particolariy, to see if there was any aign of ita giving at all where tbe Inga 
were welded on t« the bare; yon see, that waa tbe only point that I wonld be alVaid 
Chat they i<aald ever crack or come out, that held tbe angle-block ; I exajnined it 
thoroughly, and a day or two afCern arda I told Hr. Stone, at bis office, I told bim I bad 
examined the bridge and it looked very well ; I didn't diacover any thing hnt one brace, 
and that waa bnt a trifle ont, T eonld Jnst Jar it; it was probably loose enongfa — oh! yon 
conldn't alip a bank-bill between the two wedges; it was an ontaide brace, and in about 
tbe third panel item the east end, aa near aa I can recollect. Aa I knew Mi. Eogera had 
the snperiotendiDg of the erecting of tbe bridge, I told bim of it My idea waa that he 
would go perhapa and tnm np that ontside nut a tittle — it didn't reqniie bnt a six- 
teenth turn, probably. 

Q. Did you notice it or examine it since the diaaatert 

A. Tea, yesterday. 

Q. How far were tbe bracea ont of poeitiont 

A. They were from nothing to one and a half incbea, what I saw ont of position. 

Q, How did you discover it T 

A. It haa been painted since they were out of podtiou, and there was tbe p<unt cover: 
ing the original set of braces; 80 it was after tbey had been painted, tbe braces were ont 
of poaitlon, some of them more than one and a half inches. 

Q. By Mr. Haynee. That wonld have a t«iideacy to weaken the bridge I 

A. Very, very little. 

Q, That bridge was built some years ago ; did it <!ontain matten of structure that is 
now naed in building bridges, or was it a pioneerf 

A. It waa an irun bridge on tbe Howe plan. 

Q. Has there been any improvement on it since I 

A. In bridge buildingi 

Q. Yes. 

A. I HnppiMe there has been a good many since I sappose Howe bad his bridge. 

Q. Do you consider that one the beat atmctnrea designed for the purpose fbr what it 
was used t 

A. Yea. 

Q. The^esign of this bridge aa an iron bridge, do yon believe it waa sufficient 1 

A. No, sir. 

Q. Did yon notice any crystallization or leaa tenacity of the iron f 
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A. In all tlie iron I examined, eo for m the things that were bent and broken, it all 
shows to be a first quality of iron ; ttiat is as for as you can discover b; the eye. 

Q. By Mr. Conveme : The pacldug between the stirmps aud the rods holding the 
braces in the centre. What was the packing T 

A. It wa«. That was a piece oast. You mean where the braces cross T 

Q. Ybb. 

A. That is casting put in there for packing 1« hold the braces. For instance, in the 
centre, In the right poutlon. When we tnra them over we had to fill np the space with 
pocking. 

Q. In these lugs that wete pat in weru't they originally designed foe the brace as 
horizontal braces t 

A. No, sir. 

Q. And when yon tamed them over as I braces, didn't the flanges of the braces 
strike simply the edge of the brace t 

A. I think not. I think the packing that was there when the bridge fell, was packing 
made especially for the change—why they were ohaoged to 1 braces. 

Q. By Mr. Stone : I nndetstood you to say that yon believed that if carefully 
watched, that it was a good bridge, and it required care taken of it t 

A. I said that the bridge had evidence of Dot having care— not being watched. 

Q. Whose dnty was it to give it that attention and car« tliat you have reference to, 
that it didn't have t 

A. As far as I know it waa in the Chief Engineer's department. 

Q. You spoke about some of theee braces being moved, and it had been painted 
since. Do you know how long since it was painted t 

A. No, sir i I don't. 

Q. By Mr. Bmnner: Are you connected now with the company I 

A. No, sir; I am not nmroading at alL 

Q. By Mr. Converse : Do you know any thing about this disagreement, if there woa 
any, between Mr. Stone and Mr. Collins — what the eanseof it was! 

A. Wei], I don't wish to say that I could state positively. 

Q. State all that you know about it. 

A. My understanding was, and I give it in this way : When there was a mistake 
discovered, which was of some considerable importance, Mr. TomlinsoD asked me if I 
thought it was best to let Mr. Stone know of it T I told him of course, I would let him 
know of it. I supposed that he did. Perhaps it wan the next day or two that he came 
to me and s^d that Mr. Stone had resorted to turn the bridge all over to me, and I was 
to go OQ and finish up the bridge ; aud then a few days after Mr. Stone told me to go on 
and finish up the bridge, and I suppose It was on occonnt of the mistake that he left. 

Q. I mean Mr. Collins instead of Mr. Tomlinaon. What do you know of any differ- 
ence between Mr. Stone and Mr. Collins in relation to this bridge, and what was Qie 
oause of it f 

,A. I dont know of any thing. I didn't know that there was any difBcuIty at all, ta 
difference between Mr. Atone and Mr. Collins in regard to this bridge. 

Q. By Mr. Bums: Between Hr. Stone and Hi. Hogere! 

A. Mr. Stone and Mr. Bogers — well, I don't know that I ever knew of anyVifflculty 
hetween these two men. 

Q. By Mr. Converse : Do yon know whether Mr. Collins regarded the bridge as a 
safe bridge or otherwise t 



Digitized byGoOgIC 



117 

A. I have no lecolleodon Uiat he ever expieeeed an opinion to me aboat it. 

Q. Yon have n« knowledge on that snbjeott 

A. Well, it doa't occur to me now. Something might letreeh mj memory, bat it don't 
oocot to me now. 

Q. By Mr. Haynes: What is j-oar experience aa an expert — oa a mecfaanict Do yon 
consider an iron bridge as safe aa a wooden one! 

A. In regard to temperature, neather, etc T 

Q. Taking erery thing together. 

A. I will have tj> answer that in two ways. For iDstanee, you can't bum it ap> 
and a wooden bridge you can ; that is one principle of it that would be safe ; bat as to 
the otlier, in an iron bridge tbere is more material that is affected by the cold weather 
than there is in a wooden bridge. In a wooden bridge there are the irons and suspension 
bolts that are subject to cold weather, Jast the name as it is in on iron bridge. 

Q. Stone culverts or viaducts are safert 

A. If they are couHtructed in a proper manner. 

Q. And constructed mechanically I 

A. And good foundation, and good materials, in every respect, it is a safer structure. 
There is no donbt about that. If they are constructed in ri^ht proportion, you can prob- 
ably mabe them eafer than a wooden bridge or an iron bridge. Iron bridges can be 
made very safe. 

Q. Hhs any iron bridge been used of sufficient length of time to demonstrato their 
utility, or is it all in theory T 

A. Well, in this country we haven't used an iron bridge ae long as they were in the 
old oountry. The first bridge that I remember of, must be thirty-five or forty years old. 
and I think I saw it six or seven years ago, and wae over it I guess they have got 
good engineers in that country. 

Q. That is the old oountry 1 

A. Yee, England. They have good men iu that oountry, experienced men, that UU' 
deretand their bouncos. 

Q. Hoet of our iron bridges, according to my reooUectiou, have failed In this Statel 

A. There have been a few. 

BeexaminatiiM of Mr. Ci/ngdon. 

Q. By Hr. Converse: I will ask you what this bolt isT 

A. That was a shim to leugthen ont the top chord. 

Q. By Hr. Bums: None like that to go up baok of it T 

A. The other ude of the lug, or else go between the ends of the bars. There is 
another bolt, aboot six inches square, which run between the ends of the bars— that is, 
right between the lugs. It was held so it couldn't come out by the bars. 

Q. By Mr. Convente: You may look at the other piece and give your impression as 
to the packing that was in the stirrup and bars at the center brace. 

A. 1 should judge that is one uf the pieces to the flange; aeems to have been screwed 
up agaiost those lugs. 

Q. I want to ask yon whether the old packing wasn't used when tha braces were 
changed ^m H braces to I braces t 

A. 1 can't say as to that, but I think I made new packing for the change. This 
might have been a piece that they worked in somewhere. 

Q. By Hr. Stone: The old packing t 

A. Yes. 
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y Hr. CoQveree: Look at the hole throngh the end of that, and se« if it has not 
i to couvej' from a Sve-eighth inch bolt to oonvey aa inch bolt. 

A. tExamiues it at the window.] I can't tell, nnless it was cleaned ont. It looks 
here as if it had chips off. 

<J. Doesn't that indicate that it waa limmed out to convey a lartcer brace I 

A. That was a bnak-down in the sand that held the metal, and they bad to chip 
there. [Showing.] 

Q. Isn't this a part of the packing that was used for the beams before they wen 
changed &om H to I beamsT 

A.. It conldu't be. If inch packing, it wouldn't ueed such heavy packing, like that. 

Q. That lug held it from swaying the other way when it was used as an H beam— the 
beam fitted right in that wajl [Showing.] 

A. Yes. 

Q. Backtohockt 

A. Yes. Then in between Iiere [showing] there would have i>een a thin space, you 

Q. Would that have filled the whole space t 

A. The back, yon know, hod t^i be put in one way, in order to get the bolta two inches 
along the packing. How could we use a four inch space for a six inch barl 

Q. Because the bar was tnmed around. 

[Witness makes a sketch.] 

A. This repreeents the four inch cross. Well, take and make a six inch cross — the 
tiolts come right close in heie. Yoa couldn't use, you see, a four inch for a six inch l>olt. 

Q. As a matter of fact, I will ask yon if those brackets are not to-day a fraction over 
six inches. 

A. I can't tell yon. 

Q. If those brackets are aix incbee, what, then, would you have to say about the 
original packing having been used after the bridge was chougedt 

A. I would take rather more than six inches. 

Q. Bis and three quarters T . 

A. Yes. 

Q. Did these braces, when they were hnally uaed-~was it the six inch way or the 
four inch wayt 

A. The six inch way when the bridge went down — that is, vertical ; the web was up. 

Q. Wouldn't that have left the brace six inches apart or six and three qnartersT 

A. [Witness takes piece of iron and demonstrate*.] Well, for instance, here it is. 
The brace is six inches ; you tarn then up edgewise ; there would be six inches and a 
little over. Of conrse, when theae braces were changed, the center of this should have 
been right central with that, and kept the braces central. Well, now, of course, that 
brought the bars further apart, so we made the packing especially to All it — the space — 
that space was produced by changing the brace in the other position, which made the 
space farther apart, 

Q. Now let me ask yon, instead of changing the packing didn't you take the old 
packing and simply use those flanges to strip the f anges of the beams for paokiogt 

A. I think not, sir. 

Q. Do yoa know whether these marks in here were made by rubbing or vibration f 

A. I think it was. 

Q. Why should it be so light t 

A. Oh, well, I think this measure here was made Just the same thickness as the old 
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pftttem waa; and then these logs were put in, in addition, to ftU the space. The main 
thing If as probably just the aame thing as the old pattern. 

Q. Don't you Bee the space was not increased from ODtslde to ontaide T 

A. We don't seem to get onr ideas abont that. 

Q. That is imniateiiaL 

A. From this point to that point, do 70a mean [pointing on the iron] T 

Q. 1 mean the other way ; increase the sectioD tbia way [showing], the distance 
wouldn't increase or diminish when yon turn the brace over; you keep the same space 

BKOOtlyl 

A. We had to thicken up the packing. 
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TESTIMONY OF A. L. ROGERS. 



A. L. Rogen, being dnly sworn, toatified as follows : 

Q. By Mr. ConrerM : What is your name, age, residence, and occapation t 

A. A. L. Bogers; AslitabnU; oorpentei ; age, 59. 

Q. Eow long have yon been in the employ of the Lake Shore Boilroad t 

A. Twenty years, and moie. 

Q. In what oapOGlty, or difiereat capacity, have yon been employed T 

A. Well, sir, I have been employed as repairer of bridges ; I have Sreqaently had 
charge of bnilding'ganga. 

Q. State what time T 

A. My first work for them waa as carpenter. 

Q. Within what yean T 

A, Twenty yeaia ago; I don't recollect, witbont reckoning; bnt worked under Mr. 
Jesse Stow ; Mr. Jeese Stow was then the foreman oorpentec. 

Q. Eow long did yon work for Uiem as carpenter T 

A. Two and one-half years. 

Q, What next did yon do t 

A. Bepiur bridges. 

Q. What kind of bridges t 

A. The bridges along the road. 

Q. Did that include iron bridges T 

A. Thsre were no iron bridges ; thoy were all wooden btidgea. 

Q. How long were yon engaged in the repairing of wooden bridges I 

A. About ten yean; eight or ten years. 

Q. What then was your next employment after that 1 

A. Pat that at eight years; I was then put at getting oat wood, at Willoughhy, a 
short time. 

Q. Do you mean firewood 1 What kind of wood T 

A. Bailroad wood, four feet long. 

Q. Firewood t 

A. Yes, air. 

(J. What was yonr miit employment I 

A. Put up Ashtabnia iron, bridge. In the meantime, whilst at that I had put np 
trestle work, or false work, to raJse this bridge upon, and had assisted at other work 
around the bridge ; that is, the stone work, I hare reference to. 

<J. What then did you do, afliec pntting np the Ashtabula bridge I 

A. The union depot n>of at Clereland, as raiser, after oomplating the Ashtabnla bridge. 

Q. What next after that t 

A. As carpenter of the Toledo division. 

Q. Ton were engaged, then, in getting out firewood for the company at the time you 
went at the Ashtabnla bridge T 

A. I think that I was. 
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Q. Had you ever had any experience in iron work, or tbe caisiog of iron etrnotiiMS 
before tbat T 

A. Not in the leaat. 

Q. I will BBk yoa to state whether the pieces of thia bridge were marked so as to des- 
ignate the place (hat each piece waa to go to I 

A. Not all; not wholly. 

Q. What ODM were not, oud how I 

A. The lower chords were all marked ap with pencil and paint, the conrae and those 
that went into the different conrses, so there could be no mistake aboat it. The angle 
bloclu were oU marked in that way, commenced at one end and ^ing through both, 
above and below the brace ; npper Chorda were all marked. I feel confident that every 
one of them were marked. The braces were not marked, to my recolleotion ; I don't 
reooHeot that there was a mark on any of these braces ; neither were the upper floor 
beama ; neither were tbe laterals marked, the away rods, or strain rods, or the etmta ; 
all the stirmps that held the floor beams, nothing of tliat kind was marked. 

Q. Were the stitrups marked that held the braces together T 

A. No, sir; I can't say that they were. There was a man sent from Cleveland that 
bad worked under Mr. Cougdou, to point out those things to me. 

Q. Who was he t 

A. I think his name was Carpenter, that worked in Mr. Congdon'e shop. We are 
speaking now of putting up the bridge the first time, before it was modiQed. 

Q. Yes, sir. What was the first thing that yon discovered wrong about the bridge or 
the parts of itt 

A. The tlist thing that I disoovered wrong about the bridge in my own mind was the 
braces tending, when we came to take the bloclcs out, from its l>earing. 

Q. Did n't yon &tat discover that the apper ohord was too long f 

A. Oh, excuse me, I did ; yea, sir ; that the upper chord was too long, not the whole, 
but members of the upper chord were too long ; they would n't go in between the Ings 
in tbe angle blocks, because they were set in these braoea before that npper chord waa 
put on. I do n't say that all the braces were in position ; bat the outside had enough to 
hold them in position in connection with the timber work or folse work. 

Q. How much too longt 

A. I can't say precisely; but I think not far from a i inch for each member of the 
chord; they woald n't go in. I laid the case befoie Mr. Stone in hie office (I think it waa 
there), and he and Mr. Congdon had a conversation upon the subject ; and they planed 
all the lugs of the angle blocks, which would be the same as shortening the members of 
the chord ; but I am of the opinion that they planed them off as much on one side as 
they ought to on the two aides. I think there waa a mistake in them f^m the fact that 
when we come to put it up, we were obliged to put up what Hr. Congdon termed liners. 

Q. You spoke of angle lugs, or large heavy lugs, which the members of the upper 
chord rested T 

A. Yes. 

Q. Will you state whether any of these bars of the nppe^ chord were shortened alsot 

A. I do n't know that they were. 

Q. Where was this planing of the lugs donel 

A. At Cleveland. 

Q. They were sent back to Cleveland t 

A. Yes. 

Q. And the planing was done there t 
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A. I anppoBe bo. 

Q. When the7 were returned t« ;od, then whaA was done T 

A. We pnt tbem right back in their plac«B where the; bad been before, eaoh ftnd 
every one in iu place on the same bearing, 

Q> State, then, iihethei ;oa found then that the npper chord fitted. 

A. We found when we pnt it all together, and screwed it np, that they were then a 
little too Bbort. Then Mr. Congdon, or some one elM did, AimiBhed those liners that waa 
set in between. 

Q. I will ask yon. whether these thin plates that were set in at the ends of the bars in 
the npper chord are Bometiniee called ahima. 

A. They are. 

Q. How many of those n ere put in 1 

A. That I can't tell. 

Q. Will yon state to the oommittee when yon bad pnt the npper cord in place, after 
it was retnmed from the shop, yon then let the bridge down on its own weight, or partly 
so, before putting the shims in T 

A. I think we did, sir. 

Q. Do yon remember what cambM' was intended to be given to the bridge when it 
was first set np t 

A. It was abont 3i inches. If you will allow me to explain : At the time I put np 
this &lse work, wasn't aware, didn't know how much camber there was in the frame of 
the bridge, I did n't know any thing about it. I went to Mr. Congdon to inquire. I 
knew nothing about the framing of the bridge j and I had not seen it — only the pieces, 
here and there. I went to him and inquired about It. He told me that be thonjcht that 
it would be from five to seven inches — not to be particular. I told him I knew nothing 
about it, only to pnt thisftame in. You understand. It being of such immense beft, that 
we could keep it only in its position. It would be mnoh eiaier for us, then, to keep it 
into position by screwingor Jacking it up. About the time thin false work was completed, 
Ur. Stone came on to the old bridge. I told him what I had done, and he said, "Yon 
have got too much camber. The bridge is not deigned to have so much camber as thaL 
The camber of the bridge is one-half in«b to the panel, or a shade lees." I then ottanged 
its bearings back, plained them, and jacked them off, so as to get them as near right aa 
I could, and then went to work to put it on, so that the camber mnat have been three 
and a half inchee. 

Q. State whether, when yon first let it settle all«r putting the chords into portion, 
it settled so far as to become concave instead of convex. 

A. Not immediately — no, air. When it came down on its bearings it had camber one 
and one-half inches ; perhaps not quite aa much. 

Q. Why did yon not let it remain t 

A. I wasn't satisfied with it, 

Q. Did you take out the false bearing then t 

A. We did take out the false bearing — the bearing blocks; they were set upon 
wedges, so it was an easier matter to drive them out, and it settled down an inch in 
twenty-four horns; from where the bridge was swung it iiad settled an inch, and the 
braoea began to buckle, or bend. After — I think — a week or ten days I went and started 
those wedges back again, and let U down, until I was aatisfied it wouldn't hold. AU 
thia occupied, the whole of it, before there was ^y move made towards rebuilding it ; 
the fixing of it, any way, occupied a couple of mouths or more. 
Q. What, then, did you do, after yon fonnd that it wouldn't support itself T 
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A. I went bo Mr. Stone'B office, and told tklm about it. 

Q. What dlrectioDBdid joiiget,if aii;T 

A. He told ine to go and get it up into position, and screw it up tighter, olaimjng tbe 
BDBpeDBiou rods were not screwed tight enoagh. I told Mm that I had drawn them bo 
tight that in one oi two inatauoea I had hackled the hraoes by drawing tha two chorda 
together. I made that Temark to him. 

Q. State whether the ahims were pnt In at the time it was raised— before or at that 

A. The shimB were pnt in before all this happened ; the shims were put in immediately 
an«r it iMgao to settle; then 1 fixed it oa my own reapotiBibility, or that I Bsaisted Ur. 
Congdon. I think I went with him, and the shimB were made, aoA sent me, and I put 
them in. I ought to go book a little ; that 1b one of them that is on the ontaide braoe 
chord ; they were put in like that [showing], and the other is Jnst fitted between the 
lugs that were on tbe angle blocks, and that set in right between there [showing]. 

Q. Proceed to state what yon did after yon had that interview with Mr. Stone, the 
President of the company, in relation to Borewing up the nuts tighter. 

k. Jnst as he told me, and went to Mr. Congdon, and he got all the Jaok-screwB, and 
got my wooden wedges sawed off three or four feet long— oak wedges; gotannmbei — a 
dozen oi more — perhaps twenty, iron wedges, from two feet to thirty inohes long ; got 
an amount of boiler plate to slim np our wedges ; got It np to its position, tightened the 
rods all that we could, so much so we bent several of them, bnckled several of them a 
little. 

Q. Several of the hraoos, you mean T 

A. Yes, I mean the hrooee. 

Q. State what occnrted now. 

A. And let it on to its bearing ; then Mr. Stone came there and examined it, and s^d 
I had done him a good Job ; that he was Batisfied, and went around and looked it all 
through. We had not turned the braces at this time, or added any number of braces to 
it. Then we let it down npou its own bearing again, aud it went down again Just tlie 
same way. 

Q. State bow far it went down then. 

A. Well, sir, I think it went down an inch ; that I let it do vn by degrees ; 1 didn't 
let it hang and go down all at onoe; Iwas afraid; I took ont those blocke by degrees; I 
let it down an inch, perhaps, a Uttle below a straight line; its camber was all ont; I 
can't recollect that 1 ever measnced it on a atraight line. 

Q. State what you then did. 

A. I then went to Charles Collins one Sabbath morning, after I bad got fully discour- 
aged ; Mr. Stone rei^nired time, what I was oonvinoed that I couldn't do ; I went to Mr, 
Collins, and endeavored to get some knowledge that I didn't possess in regard to the 
matter— to know wliat to do— and there was reason for that too ; it was aimpl; because 
I was afraid something might be brought to bear that would cause me to lose my poei- 
tion ; that wua one reason that I had. 

Q. Well, Just state more. 

A. Mr. Collins came on to tbe bridge ; be aaid when he started from his home, oi the 
house where be was stopping, that be woald make it a personal matter. I think these 
were the words that he used : " I will go with yon ; and understand, offloially, that I 
have uoUiing to do with that bridge, either with its design or construction." He said, 
" I will be there at a certtun time." We compared watehes ; I was there, and waited for 
hbu, when he came on the end of the bridge — down on to the old bridge— and be looked 
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and skifs, " I think th&t tbosa braces would be Wronger if they were turned the other 
v&y; they are not pat iu right." I don't know whether he claimed that they would 
hold more if they were pot in peipendicnlaily, or if they were aU flat. I pressed him 
qoite hard to give me some iDformation ; he gave ne to understand that he was not the 
designer, and, I thiak, he made the remark that it was not his bridge — that it was Mr. 
Stone who was constructing the bridge. I then leqnested him to ask Mr. Stone, or re- 
qnest Mr. Stone, to come down there to the bridge. He did so, and Mr. Stone did come 
down— got on it there. 1 can't saj that he came on purpose, or whether he stepped off 
of the train, or anything aboat it. 

Q. Let me ask yon right there, before yon proceed to that point, was Mr. Collins, at 
that time, in charge of tlie road at that point f 

A. Mr. Collins was Chief Engineer at that time. 

Q. I want to direct your attention to this point, whether, at that time, he hadnt 
been relieved from that dnty, and was employed in building on the line of the, or a 
branch of the, Aehtahula and Fainesville Efdlroad — yon know what I mean I 

A. I can't say; I think be was acting as chief engineer then of that road, the whole 
line, for I declare I can't say; there might have been a circmnstance in thera I have 
£l>rgott«n. I feel very confident that he was chief eogiaeer of the road at that time, but 
I oan't state it positively. Mr. Stone did come there to the bridge, from some source or 
other, was really quite in a hnny, or leamed to be, and said, after saying other words, 
that he would come there again and see 1« it in the oouise of a few days, in two or thiee 
days, he brought Mr. Congdon with him, or was in hie company, 

Q. Did Mr. Collins come with him at either of those last visits t 

A. Not to my knowledge ; I don't think he did ; I think there were two that came to 
the bridge ; Mr. Collins might have been of the party. 

Q. Proceed now, 

A. And tliey examined the bridge, them two went together and I went around and 
showed them a little — the bagging of the bracks, and, also, that the clamps at the inter- 
section of those braces, that some of them were broken and entirely oflT; that rods wet« 
five-eighth rods, and some of them were bent ; bat they were still together, I can't say 
how long, bnt some little time, out of ear-shot from me, beaame 1 went aboat my other 
bvsiness. Well, Mr. Stone owne to me and said they had concluded to change tboee 
braces flrcm "H" to "I," and to turn them up, and to add more braces, and that Mr. 
Congdon would have every thing made according to direclions that be gave, und he gave 
the directions to Mr. Congdon and didn't to me, for I wish yon to bear in mind that I 
was simply a foreman raiiier, simply to pot the iron in ptnition. 

<J. What was done with the brii^e thenf 

A. It stood there for some time. 

Q. On the supporta below I 

A. It was keyed at this tiote; I had let it go down as far as T dared to; it stood there 
for some little time, until the braces were made and seat down — no, we Jacked it np, be- 
fore the braces came down, to its original position. How long it stood iu that position 
before the iron came, it is more than I can say ; at all events, when the iron came down 
Mi. Congdon sent a man down to chisel all the iron and braces, and they were put in ; 
this tubular chamber was put in at the end and every thing put in shape as soon as we 
got it. Aftor the iron woe got ready the bridge was then set on its own bearing, and 
stood so; you couldn't see it settle one hur. There was no buckle to the braces after 
that that I ever noticed. 

Q. How many biaoea were addedl 
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A. There were two (2) added to the flrat panel ; I think two to the second ; I can't tell 
whether there wet« two added to the third or not; and one, I think, allthenaythroogh. 
I don't think there wsa a conntei brace added ; I don't think there wns, but there might 
hftTe been towards the centJe, bnt I can't recollect that there was; as Hook at it, I don't 
think it whs necessary. I don't think Mr. Stone would do it. The packing or clamps 
that were at the ini^nteation of the braces ware all made new, made with inch rods, and 
new caatings sent down, and new plates on the ontside, wronght iron plates on the ont- 

H. Why were not those new castings used for packing T 

A. That I can't say ; I asked Hr. Congdon the same qnestion. 

Q. Why do yon think the packing was made new I 

A. Because the braces, as H bracea, would receive and require a shorter paeking than 
those 1 braces; the angle woald he brought further across, aud 1 know that the rods 
were made new — every thing was made strong in that point of the bridge. 

Q. If the old packJDg had been simply tnnied over, would the flanges of the beanu 
been separated just the distance required t 

A. I think when it waa the other way it would just fit into that ; I think I have mis- 
taken that since and found thej wonid go In just at that angle. 

Q. From the inapeotion of this specimen here, what have yon to say as to that ; was 
not an old packing used, the flanges being brought against the lags t 

A. It is possible, but I can't hardly think it was so; I am not clear upon that point; 
you re'cotJect at Aslitabola I couldn't define it. Mr. Congdon informed me they were 
cast new, and perhaps that is the reason why I think it wan cast new. 

Q. I will ask jou to stats whether the old packing wonid not have fitted exactly as 
this Bpeclment [Showing.] 

A, I think it would. 

Q. 1 will ask yon whether the old packing wouldn't, in that way, have 6lled every 
space required, except they were in solid in the new arrangement 1 

A. Between thoee braces ( 

Q. Yes, in every direction. 

A. I dou't think it would, hecanse there was only four braces ii 
firet half of the angle-block, and the space would necessarily cove 
Inches — would have been qalto open. 

Q. You did increase the nnmbert 

A. We did afterwards, yes. 

Q, Was there any arrangement made for holding the braces in position on the angle- 
blocks, either at the top or bottom part f 

A. Nothing. 

Q. State to the committee whether these bfRces did actually slip ont of position 
after the bridge was erected T I mean out of the position in which they were originally 
placed I 

A. I think that upon the north truss there wss one brace that slipped out of position 
from its original place, hnt I don't think there was but one. I think that this o 
brace was a trifle too short— It might have been one-Bixteenth of an inch too short. 

Q. Was that the upper angle-block or the lower angle-block t 

A. That was at the npper angle-block. 

Q. Yon may state whether, ftom the p^nt marks on the angle-hloeks, there w 
number of them that the flanges were partly off the brace blocks T 
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A. There waa a good ronny of them dowo a little below the edge of the atigle-hlock, 
&am one-half loch to one-quu^r. 

Q. State whetlier the chipping of these Ings of the angle-blocks waa called to the 
attention of Mr. Stone. 

A. I can't aa; that I vailed his attention to it. 

Q. Did Mr. Stone or Mr. Collins, or other engineere and bridge knilders, examine the 
work after it was finally raised the last time, and what did they aay in relation to it t 

A. After it wee finall; finished and completed f 

Q. Yes. 

A. Mr. Stone was there and said it was well done, as he had said before, and told me 
that he had another job for me in CleTeland, and wished I would come to Cleveland on 
a oerttdn day. 

Q. What Inspection did he make thei«I 

A. He went throngh the bridge and seemed to look at it critically. 

<J. Who else did f 

A. I don't know whether there was another man or not. 

Q. Did Hr. Collins examine it T 

A. Not with Mr. Stone at that time. 

Q. Did he ever examine it I 

A, I never saw Mr. Collins on the bridge whilst I wae connected with it in any shape 
or form, except going aoroas the old bridge looking at it. 

Q. I speak now of the test. 

A. I waant thereat the test I was pntting np the Union dCpot loof at Cleveland. 
T wanted to go, bnt I couldn't be spared from patting np the roof. 

Q. Yon have noticed, since the wreck of the bridge, that the cross-ties between the 
bottom of the chords wore at every other panel t 

A. Yea. 

Q. TmsseaT 

A. Te«. 

Q. And across the stmt in the center T 

A. Yee. 

Q. I want to ask yon now Lf yon made a mistake in patting np the angle-blocks T 

A. We snpposed we did until day before yesterday, and did anppoae it was a mistake 
made nntil day before yesterday. We commenced at the west end, bo that we raised 
the west end out of the water. At the north chord we found the first f nil angle-block. 
We had one nnmbei two when we were at work at the easterly end of the bridge, where 
the first stmt went, which yon all recollect, that the bridge was locked so we could 
make nothing ont of it, and at that first fnll angle-block eommenced the lateral strain 
rods, and that they skipped number three and came in again on nnmber four, which 
made it different from what we supposed. We called Mr. Williams's attention to it, and 
beseemed to be Tery mnch relieved that there was not a mistake; bnt Mr. Congdon, 
who was eaat, supposed there was a mistake. So we were satisfied thnt ne didn't make 
a mistake. 

Q. I will ask yon whether yon have examined the original plan as made by Mr. 
Tomlinson, and whether that down't show that these rods were to fasten at the end of 
the stmt T 

A. I can't say that I ever did, except when I was before tlie coroner's jnry, and afler 
I had testified a while they produced it to me and asked me if I ever saw it. I told 
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them no. Tbere was no plan given to me when I raieed that bridge, only nhat little 
information I got from Mr. Congdon. 

Q. If these angle-blocks were nambered at the ahops, was there any poBsibility of 
your making a mietaket 

A. It was impOBslble to make a mistake — they were nambered nith pencil and paint. 

Q. State to the committee whether the angle-blooke woald not determine the qnes- 
tion as to whether these rods were to croaa the middle of the strut or go over the end of 
the strat t 

A. Not neoeesarily. So far as the sway rods and the apper strain rods were concerned 
it wonld certainly. 

Q. Do yon remember whether the panels were the same as the paneb in the lower 
chord T 

A. Yes. 

Q, All the way throngb T 

A. Yes.. 

Q. From that fact I will aek yon to state whether there coald be any mistake in the 
potting np, or eimply an error in the design of it, if there was an error about it at all T 

A. I don't understand yon. 

Q. I will ask you whether there were not places in the angle-blocks — nitchee and 
holee with threads to receive the bolt fastening the croas ties — the sway rode 1 

A. Yes, there was. 

Q. And now I will ask yon whether there were the same nitches and holes in thoM 
blocks where there wa* to be no sway rods I 

A. There was not. 

Q. Will yon answer the other qnestion which I put, whether there oontii have been a 
mistake in the patting up that part of the bridge, or whether, in fact, it was an error in 
the design t 

A. It couldn't have been a mistake on the part of the reisers, jrom the fact that they 
were numbered. 

Q. I^ then, the angle blocks were correctly placed aa originally intended, could there 
possibly have been a m istake, so far as the election was concerned, in the cross-ties I 

A. There oonld not, 

Q. I will ask you whether yon were back at the bridge from time to time, after it 
was raised, before it broke down t 

A. I don't thiuk that I passed over that bridge, aflMr it was completed and tested, for 

Q. I mean in after years. 

A. Oh, foQX years ago. 

Q. I will ask yon if yon noticed then and since the wreck that those braces had worn 
the angle blocks, some of them a small fraction T 

A. I have, since the wreck. 

Q. How many angle blocks have you noticed with wear marks on I 

A. Will say three or foar. 

Q. What does that indicate to yonr mind T 

A. It would indicate a little motion to the brace— a little loosening of the brace. 

Q. What is the cause of the wearing at the centre brace I 

A. That those clamps were not drawn tight enough together — that la, the side braces. 

Q. Would not that show that they were working — that the braces were working I 

A. It wonld. 
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Q. I will kak yon whether, in yoar Jndgmeiit,' a bilctge is likely to be aofa for sach a 
span aa that, constracted of iron. If the braces are allowed to work f 

A. Well, I don't know a« it would iDJnre the Hti«ngth of the bridge — a little mite — 
one-sixteenth of an inch. 
(J. The safety of It T 

A. I don't know as it would ii\]nre the bridge— in fact, in wooden bridges they get 
loose Bometimes. 
Q. In those bridges there is always a dowel pin to hold it in its place T 
A. It wonld probably have been better if tbey were perfectly tight. 
Q. Wonld that looseness, when a train wonld rnn over the bridge, be likely to create 
a snapping snond or crocking as a train came on to the braces or toward it T 
A. So far as that is concerned, it wonld give it a lateral motion. 
Q. Some engineer told ds that when he came on to this bridge he hod obserred a 
snapping sound. Would these braces come against the angle blocks, or the motion 
against these stirrups in tlie centre, occonnt for that noise 1 
A. It may. I don't think there was play enough to injnre tbe bridge one-half. 
Q, Was there play enough to create a noise when the train was running on it T 
A, I don't think there was. 

Q, I will ask yon to state whether the general impression among the road hands and 
the employ^ of the road was not that this bridge was unsafe, and was not what it 
onghttobet 

A. I never heard any one connected with the road donbt the strength of that bridge. 
As iron does crystallize, I have heard men say — fishermen, and men that would be amnnd 

the pnmp-houee 

Q. When was that pump-honse built f 

A. Lost year say that the span was too long — countrymen that wonld be on skat- 
ing parties — and they were men that had no idea abont bridges, and didn't know the 
difference of one bridge from another ; and a great many have told me at tlie end of a 
certain time that the iron wonld crystallixe and the bridge would become worthless and 
the bridge wonld go down. 

Q. I will ask you whether, on the west abntment, any considerable rook broke offT 

A. It did. 

Q. How near to the t«p was it T 

A. 1 think it was at tbe second conrse where it commenced. It was crumbled. 

Q. Do those marks on the top show as if made by the force of drawing back I 

A. That was the oonclosion I came to after the morning of the accident. 

(J. What quantity of rock was knocked off T 

A. I can't state the amount. 

Q. Was it six or eight hundred pounds f 

A. Oh, yes ; half a ton, in all, that was there. 

Q. How near t« the west abutment was the second engine after it had gone down f 

A. Abont one hundred and twenty-five feet, it might have been, one bnudred and 

fifty feet from the west abntment from the 

Q. I am speaking when that went down. 
A. I think it was from six to fonr feet. 
Q, How did the tender and engine lie T 

A. The tender laid nearly bottom side np. It didn't lay what was termed an even 
keel, it laid end for end. It laid on an angle with the bridge say iiom t«n to fifteen 
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Q. Was the foint of the engine, or cow-oateher, extended in a line aouth-easterljr 
from the bridge T 
A. Nortli- easterly. 

Q. Then the hinder end of the eosine was at an angle of saf flfl«en degrees in a 
eooth-eanterly direction fmm the bridge T 
A. Yes. 

Q. How soon were you at the fire I 
A. I think ten or tnelve minntes. 
Q. Where were you I 
A. In my own honse. 
Q. How fat is that away T 

A. Mot far — from t«n to eleven hnndmd feet away. 
Q. What waa the first noUce t 

A. The first notice that I had was my wife hallooing " O my God ! there Is a troio off 
of thebridgel" That was the first notice that I bad. I had felt a Jar, and knew that 
there was something the matter somewhere. 
Q. You felt a jai at your house T 
A. Yes, plain and distinot, sir. 
Q. And then yonr wife immediately cried ont t 

A. In a half minute or so. She ran to the door end as she opened the door she heud 
one of her neighbors, who had discovered it first; they were screaming; they lived 
right a«n>ss the street ; heard them hallooing, " there is a traiu off at the bridge," and 
she repeated It to me. 
Q. And then you ran immediately to the bridge T 
A. JoBt as quick aa I cunld. 
Q. Was there anybody there before yon got there t 
A. I think there were three or four men when I gut there. 
Q. What were they doing! 

A. The first person that I recognized was the ooudnctor; I saw two persons; they 
seemad lo be assisting some persen on the ice. 
Q. Whs that the fireman that had been down there I 

A. Yes, sir ; and the conductor was striking a blow with an axe, and seemed to strike 
wild ; he didn't strike solid anywhere ; and another man oatched the axe from him, and 
the fint blow that he struck, broke tbe handle inside of the axe. 
Q, Was the wreck on fire when yon got there T 
A. It was. 

Q. How far did it extend t 
A. There was Ure in five plocea. 
Q. How fur from the line of the bridge T 
A. There was a fire in the westerly end — south-westerly end. 
Q. Locate it aa between the abutments of the bridge. 

A. There were two fires near the we«t abutment; somewhere near the center thera 
were two fires, they were not very large ; and then near the east abutment was a larg« 
Ore, blazing up ten or fifteen feet high, when I got there. 
Q, Then was screaming, and noises, persons crying for help, when yon got there T 
A. My first impresuon was, that there was no life in that train. 
Q, How long was it, did yon bear the screaming f 
A. It might have been a minute. 

Q. How long was it before the train was wrapt in flames t 
9ad 
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Jl, Not to exceed twenty-five a 
Q. Do JOB mean from the time jon got there t 
A. Yes. 

Q. How long was it before the engioe or hose cart got there t 

A. I saw a hose cart, after I gut there, assisting in getting the woundail out, anO get- 
ting them up the bank ; then in order to fkcilitat« in getting them up the bank, a man 
from Tenaessee, Mr. Wright, said, "hain't yon got a tope t" and I run to my shop aad 
got a, rope ; at that time I saw a hose oart, and it was the fire apparatus that I saw that 
night there. 

Q. That belonged to the towuT 
A. Yes, sir. 

Q. There was no hose iMlongiug to the company T 
A. Not to my knowledge. 

Q. I wiil ask yon if that fire coald have been put oat or smothered at an; time after 
yon got there, or at any time after any engine came T 

A. If the fire department had been there at the time, my impression Is that fire could 
have been pat out m l«n minates. 
Q. How far did the tire engine have to go T 
A. A mile, or more. 

Q. What have yon to say as to tlie condition of the roads on that night? 
A. They were simply horrible ; drifts as deep as yoar waist — four feet. 
Q. How deep was the snow on a level T 
A. Probably two feet. 
Q. Had the road been broken up to town t 
A. Teams had been passing. 
Q. Had it been snowing, that day t 

A. Yes, and drifting daring the day ; as hard a snow as ever I had experienced. 
Q. As far as you know, or been able to hear among the 'iitizeus in the town, whether 
tbera was any declinafion ou the part of the lire departnient, or any one, to th>ow water, 
to save life t 
A. I have simply iienrd that there was ; without knowing, 1 don't know persoually. 
Q. Do you know how many gut cat alive t 
A. I have been told, siitj-eight. 

Q. Cau you tell whether these cars rnvre smashed up in going down T 
A. . They were a good deal broken, but not so mnch as I should suppose. 
Q. How many, do you think, perished there I 

A. I thluk in the vicinity of seventy, acoording to reports. On Saturday evening t, 
gentleman came to me and said he was a reporter, and wished to go through the freight 
house where the dead bodies were that had been burnt, and were ilopiisited in boxes that 
my carpenter had made ; he requested me to go through with hiui, that they wouldn't 
let him in, unless be had a pass or some one with him. I had licen bock aud fortli all 
day, and we counted forty-eight, what me considered remains, in those boxes. 
Q. By Ur. Stone: That was on Saturday I 
A. Yes. 

<}. By Mr. Brown : At what time on Saturday I 

A. I think it was three o'clock in the aftt^rnoon, and it might have been four. 
Q. By Mr. Converse: I simply ask yonr judgment, from what joa saw at the wreck. 
A. I saw sixty-five or seventy ; it is guess-work. 
Q. By Mr. Haynea: How do yoa think the storm distressed the bridge, if anyf 
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A. I CMi't eay. It mnst have affected that bridge woadsrAilly. It must have been % 
great preeattre thia waj. [Showing.] 

Mr. Roger* reeaUed. 

Q. B7 Ht. CouT«rae: Have yon thonght of any thing yoa -woold like to state sinoe 
yeeterday T 

A. Yes, sir. Every one of the sway rods were broken in the screw, where the screw 
was cnt, were broken, except one; the lateral Bway rods were broken that I have dis- 
covered in tlie screw and tnm-buckle; and they were broken, all of them that I dis^ 
covered, in the thread that screws theae in. In the whole rod they were an inch and ft 
qoorter, and then they were cnt down to five-eightlis. 

Q. By Mr. Brown: What wonld that indicate as to the power of the iionT 

A. That tho rod was not as strong. 

Q. Yon think that the thread ought to have been cnt right on the face of the rodf ' 

A. I think on every rod where there is a screw should be npude, so that the ooe end 
of the thread, where it is cut in, should be as large as the rod was anyvhete else. Such 

Q. By Mr. Converse: Your statement is that they all brokel 

A. All that I have diseovsred. 

Q. By Mr. Brown: Did yon think they were broken before the bridge crachedt 

A. I can't state that.. 

Q. Did yon examine into the iron f 

A. How, as for OS that was concerned, they were bnrnt in the wreck, and we coaldn't 
tell. If they had broken before the wreck, it wonld certably have been discovered. It 
might have been broken at the time by some train. Had it got a pitch of one inch, in 
my opinion, it would never have come back. 

Q. By Mr. Converse: Is there any thing else yoa wonld like to state f ' 

A. I don't know that there is; I can't think of any thing further. 

Q. There Is one question I wonld like to ask fbr my own satisfaction. Why wafl it 
that Mr. Collins was so unwilling to have any thing to do with thia bridge T Whftt iq 
the inner history of that thing T 

A. Is that intestimonyT If it is, I am obliged to answer yon that I don't know any 
tcfltimony. 

<i. From whom did yon get orders to proceed to put up the Ashtabnlt bridge) 

A. It came troia Mr. Stone, through some person, I don't know whom. 

Q. State whether it was in writing or verbal, 

A. I think it was a verbal order. 

Q. Did yon get any written order to proceed to put it np t 

A. No, sir. 

Q. By letter % 

A. No, sir; not to my recollection. 

Q. YoD may state whether any engineer, was employed to enperintend the et«clion of 
that bridge. 

A. There was none. Remember, gentlemen, that I am speaking entirely of tbat iK>n 

Q. Under whose direction was the trestle-work erected on which the bridge was 
eiectedT 
A. By Mr. Collins. 
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Q. Ton may nta,te whether Hr. CollinB Bnperiiitieiided the tttetQe to be nwd in the 
erection of the bridge itself. 

A. Well, yea, I ma; say that he did, becaase he looked at it, and said it was & good, 
■troBg job, end pointed oat the timber that I shonld use. This timber noa ia bia deport- 
ment, and I wae to take that particular amonnt of tinilmr. It wbb fuTnished by him. I 
can't aaj it was all sent to me to be pnt np there. I don't know as he gave me any dia- 
gram, or an; tiling of theUnd, bnt it was a good, strong job. 

Q. 1 will ask yon, now, whether anybody, so iar as yon know, had any thing to do 
with the project or planning of the bridge or enperlDtending of its eTsction, except Hr. 
Amaaa Stone T 

A. Well, not to know personally. Hr. Ama«a Stone told me, in connection with that 
bridge, one day, that Mr. Tomlinaon had pmyed ineffloient, and be had diacharged him, 
or eomethlDg t« that effect. 
Q. Was Mr. Tomlinaon discharged before joa commenced pntting up the bridge t 
A. Yes. 

Q. Did any other engineer or person, so far ee yon know, have any thing to do with 
the planning of the bridge, e^ce^t Mr, StooeT 
A. Not to my knowledge. 

Q. Did any engineer have any thing to do with the erection of the bridge and putting 
it np in place except the directions which Hr. Stone gave you from time to time, of which 
yoD have testified about t , 

A. No, sir. 

Q. How freqaeutly did Ur. Stone come there himself to look after or snperintend the 
erection of the bridge. I mean now the setting it up T 

A. Mr. Stone was on the old bridge, BtaDding npoa the wooden bridge when I was 
first getting down the membera on the lower chord; as 1 s'-ated yesterday, that was the 
firat time I ever saw him there. He was there again once when we bad gut the bridge 
nearly completed, at this time he came on to the bridge, he ataid a very few minutes, 
he oame down to the iron bridge through the walk which we had. 

Q. Did he make yon any other vlait antil yon aent for him, aa yon testified yeetetday, 
byMr. ColliuaT 
A. Yes. Be did. 
Q. State when t 

A. It was when webadgotthebridgecompleted, aofar as the bridge proper was oon- 
cemed ; he came theie and looked at it, and said it was together right, and that it was 
now ready to swing, and we knocked ont the blocka. 

Q. Yon have'staled that yon didn't know why Ur. Collins didn't BaperiDtend tbe 
erection of the Aatabnla bridge. I will aak yon, whether there were any reporta in the 
neighborhood on the anbject, and if so, to state what they were f 
A. Yes, there were socb reports. 
Q. Jnat atate. 

A. Such reporto among my olass, and men that were on the road that were oonneoted 
there with me, wondered why Ur. Collins or some other competent engineer, was not 
there to anperinteud it. I can't give It any better language than that, I aay the«e things 
were a fact in regard to this matter. 
Q. State whether Mr. Collins, had always been particular about always having good 
.. and substantial work on the road 1 

A. Extremely so. Extremely partionlar. 

Q. How long hare yon been connected with Mr. Stone t 
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A. I bare known him for over twenty or tnentj-one or twenty-two yeaiB, oad to 
■ay tbat I bib aRqaaiat«d with him to-day I oon't. 

Q. I will ask yoa to st>t« whether he would allow Hr. CoUlns or any body else to 
to make any oppoBitiou to hia will or hU plan t 

A. I don't believe that he would- 

Q. Or any enggeatloiiB T 

A. He might possibly receive asoggeation. Fiomthe little that I know of the man, I 
don't believe he would even receive a snggestion, he might. I can relate » circnmatanoe 
that might modify that atotement, but I woaldu't like to give it in testimoDj. 

Q. Stat« w hether Mr. Tomliaon was diacbarged before yon began the erection of that 
bridf^ or aflerwardaT 

A. He was discharged before, I am informed. 

Q By Mr. Brnnner : Do you know the reason why ha waa diacharged T 

A. Only that I have undnnitood that there was aome raisanderstanding between him 
and Ur. Stone, and Mr. Stone claimed that he waa incompetent. I never saw Mr. Tom- 
linson at the bridge since the wreck. 

Q. Did yon nnderstond at the time, what the miBQuderstanding was f 

A. No, nr. < 

Q. By Mr. Brown: Ton saw his testimony t 

A. Yes. 

Q. What did yon think of it t 

A. There was aome of it that wasn't as I had anppoBed. 
■* Q. Mr, Converse : What ie yoor opinion aa to whether the sway rode broke beforr 
the bridge come down or whan It came down in the &li T 

A. I believe the sway rods were broke and caased the bridge to fall. 

Q. By Mr. Barrett : They were the fiiat that gave way. 

A. I believe they were the fint things that gave way. 



Digitized byGoOgIC 



TESTIMONY OP JOSEPH TOMLINSON. 



Joseph TomliDSon, civil eDginaer, being duly Bwom, testified aa follows: (Testimony 
taken before tlie coroner's jary at Aabtabiila.) 

Q. What is fonr age, oocupatioa, and reBidenoef 

A. I uon reside in Ottawa, and am general auperiateodent of ligbt-boiues, Canada; 
1 am a civil engineer; m7 age is botweeu eixt]r'and aixty-one. 

Q. By Hr. Hall: How many years have you been engaged in the professioD of oivil 
'eugineeringf 

A. It iB difflonlt for me to say. I came tn tbJB country ia 1840; am a mechanic by 
trade, and took to bridge building as a matter of choice. I was employed on the Hous- 
atanic Railroad as a road man. 

Q. How many years have you been engaged in the busineaj of bridge building T 

A. I think from 1846 to ltJ70. 

Q. How extensive lioa been your experience in that departmuDtT 

A. I anppose some yeara. I be tit thirteen or fourteen bridges each year aa contoutor 
foe bridges, and perltapa more. 1 have been civil engineer for some very large bridgea. 

Q. What large bridge do you now remember of T 

A. I rebuilt the snapension bridge, aa one, a^r it w^s blown down many years ago 
—in 1S57, 1 think— and it is yet standing; extends 630 feet. I bnilt one in 1854, 250 
feet over Hammond river. I had a let(«r last week which told me it looka as good as it 
did the da; when I lefl^ it. I have not seen that bridge since I bnilt it. For aome years 
past my experience has been more on bridge foundations than on anperstnictnres. 

Q- Hod yon any connection with the drafting, deaignlng, or constrnction of the bridge 
at Aahtabula which has lately fallen T 

A. I was employed by Hr. Stone to make the drawing for this bridge. 

Q. Will yon now state in detail, in yoor own way, the connection yon bad with that 
bridge in any manner! 

A. I made the plan under the instruction of Ur. Stone. I mention this becanae I 
never approved of a wrought iron Howe truss. It makes a much heavier atmotnre, 
having the principal braces in compression than what they n-oald be if made to act by 
tension. And another objection is that alt the strain accnmnlates on the end of the 
brace. Btill, notwitbatonding that the atructnre was necessarily heavy, it was intended 
to be a very strong and permanent structure, and woald have been so if the main braces 
of the bridge had a section in proportion to the tenaioo of the members. When I made 
ont the calculations of the bridge I had inatmctiona from Mr, Stone to proportion the 
Btnictare so that it wonld be fonr tons on the square inch in tension, and four tons on 
the aqnare inch in compreesion. That proportion made the tension members much 
stronger in proportion than the members in compression. Whnn the bats — the H and I 
bars — were rolled for these heavy members the section on the larger bars, for the main 
braces, were not made as large as originally intended. That was the main defect in the 
doustraction of the bridge. And I also expected, if I had been employed to cany the 
work ont, that those braces, the main braces at the end of the bridge, would have been 
strengthened or additional bolta riveted to them. When I was doing busineat with Hr. 
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Stone, in my intervieirs with him aboat these malterB we Bever conld harmoTiiz*. 
Whenever I maile any eaggeatioQs it always led to some discord, and it was these oir- 
oiuuetances that I left the work. I would state further that the bottom chords of tb« 
bridge, the tenBtoD membent, were aa good woiln as ever I saw made. The top chord 
was snffli'ient fur all purposes. I may add here that when it was laid oat by me, it wM 
laid out calculatirg for six-inch camber, so thatnben erected aprincipol part had taken 
ilH bearings, it would still have about three and a quarter or four incbea camber. Thkt 
was my calcnlation. The Bubatance of this ia that the maia braces of tlie bridge wera 
the only defective members ia ths bridge. Mr. Stone knew it, because we had eevend 
conversations on the subject. They were defective in this, that they were too small — 
they bad DOt suEQciunt section— they coaldn't fill the section when Ihey rolled them in 
the mill. That was the only defect that I am conscions of in the structure except thia 
nnnecessary weight. I don't know bow much it was culcolaled that each truss should 
cut; to the foot, but I think it was a tan and a quarter or a ton and a half. It ia many 
years to remember. But it was iQt«nded to be an exceedingly strong structure. Thia 
WBB Mr. Stone's iutention, and the intention of otbets. It was intended to be an ex- 
ceedingly strong structure, and was all proportioned except the defect which I hava 
mentioned, which was the deficiency in these bars, which formed the main biacea. 

Q. So far as yon know, was this the first application of the principle of Howe tmas 
bridge to iron bridges I 

A. Ob, no; there have been a great many built with cost iron members in theplao* 
of wrought iron bridges, bnt not by me, though. 

<J. 'Whera was the iron work for this bridge madet 

A. At the Lake Shore shops, Cleveland. 

Q. Did yon superintend thia work I 

A. Yes, sir; I gave the patterns, and the length of every part of it, fortbemechonioi 
to work by ; and gave them correctly, thnugb it has been reported to the contrary. 

Q. Did yon also inspect the work, aud did you know whether tbose plans, 'as furnished 
by you, were strictly followedT 

A. They were followed aa long as I had the superintending. 

Q. And did you have that snperiutendiiig until the same was completed! 

A. Very nearly. 

Q. What parts, if you are able t-o atate, were not completed at the time when that 
Boperintcnding ceased I 

A. There were patterns being made by the pattem-makets wbicb I didn't see finished ; 
but the chords were made ; and the bottom chords, which were the most important part 
of the structure, were all finished. 

Q. For what part or parte of the bridge were these patterns designed, that you didn't 
see finished I 

A. I have only a kind of indistinct consciousness that the pattern-m^ers were mak- 
ing some patterns which were not finished, and which I didn't see what they were. The 
snrface of the angle-blocks were not planned, and there were some little things not fln- 
'shed ; bnt it was uothiog essential. 

Q. Had yon any thing to do with the superintending of the raising of the bridge, aa 
it is calledt 

A. No, sir, I never was; I don't think I ever was on the site of the bridge at all, ex- 
cept to pass over it. 

Q. In yonr employment iu regard to that bridge, had you any instructions fiom, or 
was it, if any, superintended by Hr. CharleB Collins I 



^dbyGoogle 



136 

A. Hr. CharleH CoUiuH might h&ve taken a little interest ia the matter, but be didn't 
hHiTe anj BDperlatendencj or authority over it ; it waa all directed by Mr. Stone. 

Q. Had you, at the time, iLaowledge of the fact thai the bridge, a^er being raised, 
was taken down, and the poaiCion of the braces changed f 

A. I think there is same misuuderstanding alwut tliat; myunderstandingof themat- 
ter is this: that after they began to pnt the bridge up here, they foand that the top 
chords were longer than the Iwttom, and the bars were all sent back to Cleveland and 
shortened ; then when they put the bridge op they fonud that the bridge was below level. 
That had to be taken apart, and a piece of plat« of iron Inserted to make np foi what 
they had taken out. That was hear-say at the time, and I have been down to the bridge 
to-day and examined, and have found it to be the fact, that there was a piece of boiler- 
plate inserted at the end of the beams thdt formed the top chorda. 

Q. In your design, were tbe brocea intended to rest flatways, or upon the edge, with 
the weight horizontal or venical T 

A. I shouldn't have parti en lariied th.it, to be positive, until I went clown to the 
bridge this morning. Tliey were iniouded to lay flat, in tlie first place, and they were 
ofaan^d to stand edgeways, and when the bridge was erected, I was informed, I ''An't tell 
by whom, T can'r. remember, tbftt the beiwns with small sections were used for the end 
braces, that mode this change in the direction of the brace necessary, so as to get in a 
greater ninubor of braces. I learnMl this morning for the flrst time, that there was a 
greater nnmber of braces put in. 

Q. Was the bridge, so far as yon know, correctly set up, and if not, wherein was any 
incorrectly set up or raised T 

A. Personally I know a little about rusing a bridge ; what I have told you was hear- 
say ; I was, moreover, told that the stretchurs for the lateral bracing of the bridge were 
la place at the end of the lateral tie braces; they were placed right across tbe middle of 
the lateral bracing, and, as a conseqaonce, they would have very little effect. Those 
were the only things that T have heard were wrong. 

<). Have you, since your arrival here, esamiued the wreck of the bridge, to ascertain 
whether that information was correct t 

A. I have been down at the bridge, and about the lateral bracing I could tell nothing; 
I tried to find out, but there was no particle left to show how the arrangements were; 
the pieces between the top chord beams and the angle-blocks, some of them, are still in 
place; by the top chord beams I mean the five I beams, side by side, which constituted 
the top chord. 

Q. By Mr. Goodwin. Daring the couBtmction of the iron work of the bridge, did 
yon exorcise a supervision over it in the shopsi 

A. Yea, sir. 

Q. And saw and inspected all the iron work for the bridge, except those portions 
which you have specified as not being flnished at the time when yon left those imma- 
terial portions T 

A. Tea, sir. 

Q. You say the nnfinished pnrfs were some angle-blocks and some little things — noth- 
ing essential, so that yon aotnally inspected all tbe iron work of the bridge T 

A. I inspected it so far as to see when it was done well there. I probably ought to 
state here, that the strengtbenlng of the end brace was always a matter in my mind, 
was a matter of dispute with me and Hr. Stone. 

Q. When yon left the work, had there been any decision mode in regard to this mat~ 
ter of strengthening the end braoef 
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A. No. 

Q. It is yoar nniterstanding that the bridge was erected with tlie memben of the 
upper obnrd and the braces above the mala camber, as tbey wece ehoiva in yonr own 
original design T 

A. I alwajH understood tbut tlie amall beams were used io the muQ braces, and that 
the beams with the larger nection were used in the connter hraces. The beams were 
rolled with web bearing, in thickness from oue-h£ilf an iDch to, I will say, an inch and 
one-foorth, so that the section of those with an inch and one-fourth web would be only 
double those with one-half inch web. Those beams with a large section were intended 
for an end brace. Those with small sections were iatended for an end coiinter brace. I 
understood that beams with large sectious were nsed for counter braces, and beonu with 
■mall sections were used for main braces. 

Q. What information had yon in regard to this djstribatioa of memberst 

A. It was talked among us eugineora when I woa in Cleveland, aome time afterward 
I cao't remember by whom. 

Q. Can you recollect, withont the aasistanoe of the drawing, substantially, the size 
jou intended for the braces, main aud counter, that yon intended to go into the bridge, 
giving us the size of the ends at the ends, and progreaiung towards the centre of the 
bridge F 

A.. Only generaL That the largest sections were intended for the end bracBs, and 
that thoy were gradnallj' dimiaished in size to the centre. The end counter braces were 
the smallest that there were in the bridge ; and then at the middfe there were two 
OOuDter braces, and the sectiou of them was enlarged also. 

Q. Did yon make a strain sheet for this bridge, and calculate strains for the stmctore 
according to your design, and leave that straia sheet with Mr. Stone when you loft I 

A. I made a strain sheet, as a matter of oonrse, calculating strains for the bridge ac- 
cording to the design and the instrnctlon I received ; and I left all the drawings in the 
office when I left. 

Q. Tou specify in your answer, and particnlarize the word "the" design. I nnder- 
stood you BO. You wish ns to iinderstaiid that the design was mode, as ;oa here said, 
nnder iustruotions from Mr. Stone t 

A. Certainly, it was made nnder iuBtruotions. I didn't design bridges of the some 
(tharaoter when I design bridges to be bnilt by myself. 

Q. Yon say that there was a difference of opinion between youraslf and Mr. Stone in 
regard to some detail of the design ; that you had expressed your intention to strengthen 
them or increase the number of the end braces ; that yon and Mr. Stone did n't agree 
upon that point up to the time that you left. Ib that a factt 

A. Yes, sir. You see, looking at ithe design as I did, and knowing that it conld ha 
made a strong structare, I alluded first that the compressive members of the stmotiire, 
particularly the end braces, could be strengthened to any extent required. 

Q. Do you mean that they could have been strengthened to any extent required with- 
out material change to other portions of the bridge 1 

A. Yes, sir, by addition of bolts riveted to them so as to oonneot eaoh set of braces 
throughout their entire length. 

Q. Would it not have been proper, In yoar opinion, to hare increased the strength of 
the end braces by lengthening the end beamsl 

A. I think it was; and it was all changed, bo far aa it went; and the whole set 
ought to have been united, from side to side, through the whole length, and not merely 
at the centre, where the camber passed between them. 
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Q- If yon had oontrol of the coostraction of tiie bridge np to ita completion, wha 
modification In the dMigD as otiginally made woald yon have iotroduced t 

A. Nothing more than to take oat the necessary section to have made tlie strain that 
came npon it. 
Q. How noold yon have secured that nscessary additional section T 
A. By riveting bolts of iron to beams would bave united them together as one brace, 
and, at the same time, giving all the necessary section that was required. 

Q. Wonld yon have made, provided yon had bad entire control of the strDctore, any 
other modifluationa t 

A. I think not — not if it was to remain a Howe trass. My changes would only have 
b«en by cbaoging the character of the stmctuie. 

<J. I coDclnde, then, from what yon say, that the principal objection yon had to the 
desigD was, that the form of the bridge was that of a Howe truss, ai^d that yon did n't 
ooDsider it proper to baild a bridge on that general plan of iron as this was built T Am 
I correct in that conclusion T 

A. Yes. 1 do n't approve of the Howe tru«s when it becomes a large span. I don't 
in wood even, if a large span. 

Q. Then your objection, as It appears, ia to the Howe truss plan for bridges built of 
irou for a span as great as 150 feet f 

A. Yes. 

Q. Yon have si^id that the bridge was calculated to carry a moving load ftom 1^ tona 
per lineal foot. That was, as I understood yon, to be the working load of the bridge 
fhjm two to three tons per lineal foot for the whole bridge T 

A. Yes. 

Q. What was the factor of safety used in yonr calculation for this bridge t 

A. My factor of safety in tbie bridge was four tons to the square inch in tension and 
oompresaion, as limited by Mr. Stone ; the members in teneion were stronger than neo- 
essary. 

Q. By Mr. Morrison: Were tbe members in comprearion correspondingly weaker 
than they ongbt to have been, or strongerT 

A. They were weaker in proportion thon tbey ought to bave been ; but in this they 
didn't bold section— were not as large in section as Ihey were intended tn be ; I mean tbe 
largest members. 

Q. By Mr. Goodwin : I nnderetood you to say that you bad nothing to do with the 
raising of the structure t 

A. No ; I never was ther«. 

Q. Then your oltservation of these parts of that bridge were made in the shop or »t 
the mill t 

A. Yea. 

Q. This structure, which we have been speaking of, what it would have been bad the 
design been followed, you can't say from personal observation, as I understand you, bow 
the bridge was actually constracted or set apT 

A. I never saw it ; I know only from what I heard. 

Q. Did yoQ ever see the bridge as it was when it woe put iuto usel 

A. I bave passed over it on tbe train ; that is all ; 1 never saw it only as I looked 
out, when I could see nothing of any kind. 

Q. By Mr. Morrison : I nnderstand yon to say, that in making the plans for this 
bridge, yon was dictated to by Ifr. Stoue; that year instructions were all from him. 



^dbyGoogle 



139 

Did yon consider those instmotions aa reasonable, aoii the requirements that he made of 
you Hs reabOiiable and rigM, nuder the circnmBtancesT 

A.. Not exactly reoaoiialile : because in naid sectioDs is Dot a trae method in getting 
at the principal seclioua. Four tons to the square inch in one place may lie perfectly 
safe ; in anotber, not safe. If the iron had been made a full sootiou and placed in their 
proper position, the bridge would have been a safe bridge to-day. I shoold not hare 
built a strnotnTO that I had any misgiviDgs about. Do yon nnderstandl 

Q. Br Mr. MonisoQ ; You speak, Mr. TomliDsoQ, of a strain of four tons to the 
square iuch in cue place as being safe, and in another not safe. Id which place do you 
consider it safe in this bridge I 

- A. 1 think it would be safe in the top chords ; because it is such a short distance be- 
tween the bearings, and they are so well united together. 
q. Give any other place T 

A. No, I don't know of any other place where there are short bearings. 
Q, By that do you mean that the compression of fonr tons to the eqnare inch would 
be safe in this bridge, only in the top chord T 

A. Only in the top chord ; because there the panels are short, and the parts that 
compose the chords were united together in safe places between the panels. 

Q. Would you consider the compression of four tims to the sqnare inch safe, as ap- 
plied to the main braces in tliis bridge, as it was erected f 
A. No. 

Q. Let me ask then, what would hare been the effect of compression npon those 
main braces, four tons to the square inch, aa it was erected in its modified form t 

A. That they would be deflected out of line; the members would have been out of 
their line. 

Q. Do you understand, Mr. Tomliuson, or, have jou in yonr own mind a clear idea 
how this bridge was erected, or set np, as modified f^om the original drawiugt 
A. Only fVom hearsay. 

Q. We have had in evidence that the modiBcation consisted in this, that the I beams, 
whichformed themun braces and counter-braces, were set up edgewise— in other words, 
the web vertical, instead of being, aa originally drawn, horizontal; that there were 
added, at the end of the panel, to the end of the set braces, two braces ; tu the next one, 
two; and the next one, one; and the next, one; and the rest of the bridge remained as 
originally planned; they were placed vertical, instead of horizontal; that these bTaoes 
were seoureil together at their intersections by packing between cast-iron lying horison- 
tally across the intersections ; holes through the ends, and washers outside of that cor- 
responding, holds a bolt put through at each of these places — a waaber put on with nuts 
on the ends uf these bolts tnming np tight on the inside truss. This being the condi- 
tion, what would he the effect, think you, upon that application of pressure, equal to four 
tons to the square inch, on that calculation— I mean, taking into consideration, also, the 
fact that this yoke, as described, around the center, was the only thing which bound 
them together, leaving them free for ten feet of their length for deflection T 

A. It is a matter of caloulation to know what the effect wonld be ; that my impres- 
sion would be it would spring out — deflect laterally ; they would not crush, they wonld 
deflect out in the weakifst direction. 

Q. Did yon, at the time of making this plan, have a conversatio)^ with Mr. Stone In 
regard [o the section of these braces f 

A. Yes. I had rept^sented that the braces were not sufScieutly large to m«et the ro- 
quirements; they were not Urge enough in the first place; they were not what the draw- 
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ing represented; and wbea the; came to be tamed oat from tbe mill the; didn't hold 
fhll size, a« intended. 

Q. Did foD, at that time, Hay to Mr. Stone that to secnre the resistance of compMsaion 
of these braces the I heanu) must be incieaaed, either in uambers or alze 1 

A. Mj propoHitioD to him was to increase their strength by riveting plate to them; I 
had 8nggeBt«d to him that they were not strong enongb. 

Q. B; Mr. Pettibone: To what extent was the strength of those I beams— the pieoea 
eomposiog the main braces— impaired from the fact of their having been rolled impiop- 
erJyt 

A. It is very dtfflcalt to state to what extent; 1 can't remember, now, how much the 
deflcieocy was, but it was a serious fact— so serious that several ongbt not to have been 

Q. By Mr. Morrisou : Yon aay you suggested to Mr. Stone that further security and 
strength should be given to th«se braces by patting on a plate of ln>ii t 

A. 1 snggeat«Vt to have & plate that would unite the first set of main braces — two oc 
three sets— with these braces, side by Bide ; aud wlien I suggested any thiug of this kind 
to Mr. Stone, he was wratby, aud would not bear, so that I would tie driven ftom his 
office; and it was under these circa mstnnceB that I determiued to leave him. The inter- 
view abont the braces was on one dgy, and the uext day, when I went into his office on 
some other bnsinesa, he was so insulting to me that 1 went np to (be ofBce and resigned. 

Q. How long a rime did this take place before the work of piepaiiug the bridge to be 
pat up took plaoeT 

A. It was a mouth or so after I left before the raising of the bridge was commenced — 
before the; made any attempt to raise it; I am not certain as to the exact time. If the 
braces that I had for the maiu braces had been put in their proper places, aud the two 
additional members added for tbo main section, I think there must have been the neoee- 
■aiy strength to have been safe. 

Q. I understand from your last statement, that tbe braces which you intended for the 
main braces at the ends, were changed, and others lighter and less secure, put in their 
places. 

A. Yob, sir, I uuderstood so, it was told me ; I didu't see it. 

Q. What effect would this exchange of braces have upon the strength of tbe structnie t 

A. They would be much securer to tbe bearing of tbe stralDs that came upon them. 

Q. When you were at the wreck this moming, aa I undeiatood yon to say, did you 
make any eiamination as regards this exchange of braces t 

A. I conldn't tell which were end braces ; some of Ihem had been removed and thrown 
npon the bank on the other side ; there were none of them in position. 

Q. From what ;oa aay of your Intercourse with Mr. Stone while working npon tbe 
plans of this bridge, Mr. Stone and yourself didn't harmonize. 

A. No, we couldn't agree. 

Q. Let me ask, what were tbe main points of difference between yourself and Ur> 
Stone I 

A. That ia very hard to answer ; my feelings were, that be didnt like to have any- 
body that had any opinion to give at all. 

Q. What I want to get at is, what was the main point of difference between yoa and 
Hr. Stone, In regard to the construction of the bridge! 

A. As tat as my' memory goes, I never had any anxiety, except the compresBive mem- 
bers of this bridge. I knew that the chord rods were as good as conld be. I don't think 
there waa a better set of chords pnt into a bridge. 
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Q. I nndentand from that-, tbat jroti had no feus, as far as the bridge was concerned, 
apOQ which the strain was tensile. And oil yonrfears, and yonr anxiety, was aboDi tboae 
parts which were in compression. What portion, or what part of the memheis wei« 
nndet compression, which gave von the greatest aDXietf I 

A.. The three first set of braces in the bridge from the ends. 

Q. By Mr. Pettibone : If, aa you undoretand, that bridge was modified and the posi- 
tion of the braces changed, and the addition of other braces in the three end sets, wonid 
tliat in your Judgment, have rendered the bridge perfectly safe I 

A. If thej' were equal to Uis beams of the largest section fatnished, I tliink that it 
wonId have been safe. 

Q. Bnt If ns yon nnderstand, that beams of the smaller section were osed for the end 
set braces, and if two additional sets of beams were added to those braces of the same 
size and the smnller sections were tbat, in your Judgment, give the required addiUonal 
strength and secniity to the bridge T 

A. If they were above the middle sections, I thiult it wis, and if they were only 
eqnal to tlie smallest section, tbey wouldn't be sufficient, anil it is hardly probable that 
the smallest section was used. 

Q. Yon have no personal knowledge as to which size section was naed in the end 
setsl 

A. No. I have not by personal knowledge, bat it was talked about so mnch by the en- 
gineers, and those that were familiar with that class of work, that I have reason to 
think that the smaller braces were pnt in the place of larger ones in the first place- 

Q. Yon have looked at this drawlug here, have yont Do you recognize it t le it 
your work I 

A. Yes, sir. This is the preliminary drawing. The first drawing that was mode of 
the bridge T 

Q. Does that drawing show the genera) plan and principles upon which this bridge 
woa constructed T 

A. Yes, sir. 

Q. Does it, or does it not show the dimensions of the several partst 

A. It does not show the dimensions. It is too small tu show them all. The strain 
sheet, which onght to be with this, wonld give the dimension of the several parts. The 
strain sheet is more important than this. 

Q. I want to ask you farther, do you know the weight of a locomotive in oae for pas- 
sengers trains — in nse on the Lake Shore road t 

A. I suppose in the neighborhood of thirty-five tons. 

Q. Is tbat a conjecture T 

A. No, it is not. Wben I was on the road, that was aboat the weight by which we 
estimated, including tender with the locomotive as it would bring its weight on the 
bridge. I speak from memory and might be wrong. 

Q. DDyoaknowwhetherlocomotives,atthepieeuntday, are made of increased weight 
than what they were at the time yon speak of. 

A. I should think that the express engines now, Judging from their ^pearance, are 
about the same as they were eleven years ago. When I was In the habit of proportioning 
bridges, I knew tbe exact weight of them. 

Q. We have bad in evidence, that the bridge upon this second trial, before it was 
modified and put up, I nnderstand tliat these main braces by tbe settling of tbe bridge 
by its own weight, wete deflected some of them four inches, what would that have on 
the iron to increase Its tendency to deflection t 
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A. I snppow tbey were much more readll; defected in the same direction the second 
time, but my impresBion is, that they were to be a penn»nent eet in the len^h no that 
they would Le ehortened — too short to use by that oxer load and piece of iron, it gete a 
permanent set apoD it, it becomsa shorter or longer. 

Q. To whtit distance could a bar or I beam, the size of this, in those main braces be 
deflected without producing a permanent set as you term itt 

A. I don't think the could be deffecteil witbont producing a permani-ut set. 

Q. tiuppose these braces to have been put into the stmctnre as first erected, placed 
borieoDtally and screwed tighter by the means already described, a deflection vertical of 
three inches to take place in those braces, would they be likely to retam to their line 
upon the romoTal of this pressnre T 

A. Pretty near, I think ; but the movement of iron nnder such circumstances is 
Ter; nncertaiu. I sboaid think they would be likely to go to their places again, partic- 
ularly if the strains were on them bnt a short time. I consider a day along time for it 
to remain under that strain. 

Q. Suppose that deflection to he four inches, and to have remained or have been 
some days in coming on by the gradual settling of the bridge, what would be its eSeetT 

A. After it had been deflected four inches by the end pressure I would consider the 
permanent defection of it would be at least one-tbird of the full amount of deflection, 
and this only. And yet I think the strain when produced end ways, I think, would be 
much mora, so far us it would compress the middle ou one side. 

Q. Would yon consider it safe to take beams which had been subject to soch prees- 
nre and deflection aud change them from a horizontal to a vertical position, and subject 
theoi to the same pressure withont having flrat, by some mechanical means or some 
other, to restore them to their original capacity to endure pressure T 

A. Without strengthening them I should not consider them fit to use, because they 
had proved insuBleient. The changing of position doesn't make much diS'erence. 

Q. We have had in evidence, with these beams and braces having been deflected, 
without taking out of their position changed from horizontal to vertical and yoked at 
their intersections, and put into position as compressive members in tliis bridge, with 
the tension of new iron, to a certain extent as already stated. What I want to ask, 
what would be the ellect upon these braces, light pressure, or to carry a train of cars 
with two locomotives, the first deflection being merely from the weight of the bridge T 

A. If the column bad proved ittelt' too small and too weak to carry a load, it ought 
to be increased so that it would be three times that strength. To get three timea that 
Strength it would not be necessary to have three times that calculation, but when pat 
in sufficiently it would bear three times that calculated strength. 

Q. If, under a pressure of a heavy train running upon the bridge runniug over these 
trusses, one truss bearing six times as much load as the other, and deflection in this main 
brace should occur laterally, what, in your opinion, would be the efteet upon the bridget 

A If any serious doflectlon took place in one of the braces it would change the rela- 
tive bearing force on the truss so as to bring them very much ou the outsiile members 
of the Btmcture. The question ia one to which Iconldn't give a positive answer, but as 
Ear aa my experience goes I would have thonght that that truss would have yielded a 
couple of feet before it would have gone down. 

Q. If the truss had yielded two foot in consequence of this deflection outward or in- 
ward, or both main braces, would it have stood there with a strain on it T 

A. I should have thought that the deflection of the braces would have allowed the 
truss to settle two feet before it would have gone down, so as to ^ve time for the train 
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to paas, or that the froctare wonldn't have taken place certainl;. Wroaght iron doMu't 
break sadden!;. There ia a gradual yielditif;; something has to anap before it goea 

Q. With tbnt statement, suppose these braces to have given way — I understand you, 
then, to be becaoae at first there would be a grailuni settling of the roadway and the 
train npon it was moving across it, for two feet or perhaps more, yoa thought likel; to 
oontinne until the bridge went down f 

A. The movement of the deSection wonld be sufficient still, in m; opinion, to allow 
the train — I think there would be sufficient warning given to allow the train to get off — 
Bnflicient time for it to get off. 

Q. Snppose the lower chords of that bridge had parted — all the chorda — what effect 
would that have upon the bridge t 

A. It would go down aa qnick— JQst as quick as a bow wonld fly up when the string 
was cut. If it were so there would be evidence of it, aa the braces would cause the enda 
of the lower chorda to strike with force against the abntment. 

Q. I nndenitood joa to state, I think, in the iint of your evidence, that the tenaile 
portions of the bridge were atronger or heavier than they ought to have been ; by this 
what portions do you mean f 

A. I mean that the tension members, if they had been secured down, wonld have 
been strong enough fo crush every brace in the bridge. They were esceediugly strong 
tross rods. The vertical ruda in the bottom chord are the tension members of the 
bridge. The compression members are the upper chords and the main and counter 
braces. 

Q. Do yon know the weight of the iron need in tbe conatmction of this bridge T 

A. I did know, bnt I don't remember. It waa all estimated np at the time, but I 
don't remember. 

Q. Do yon huow who furnished the iron which went into this bridge T 

A. The iron was brought from the Newburg mills. Mr. Jones waa the foreman of the 
mills at the time— I think his name waa Jonea. The qnality of Ihe iron for the tension 
bara was all good. It was irorked under my eye, and J know it to be good. The oom- 
preasioD membprs did not liave to be no gowl. It isn't nsnnl to put the same quality of 
iron in compressioa mcmbere as in tciiHton membere. It isn't nsiial or necessary to do ao. 
The iron that ia to be in compression ia naually a harder iron, and that ia just aa good 
for compreasioD aa it wonld be to put in the best of reBned Iron. 

Monday Morsing, Janvarg 15, 1877. 

Q. By Mr. Morrison. On your examination on Thursday evening, 11th inst., it was 
nnderstood that you were to go to Cleveland and, if possible, to obtain the strain sheet 
and working drawings of this bridge. Did you find them, or have you seen them I 

A. I canldn't find tbeni. 

Q. Did you apply to tho officials of the railroad for them T 

A. I did, particularly to Mr. Collins, and he told mo that they had hunted thoroughly 
in his office. Mr. Newoll told me that they had made a thorough search of the shops, 
and went down to the shops and saw Mr. Haywood, who had charge of the pattern- 
making there, thinking he would bo likely to know ; and be aaid he made a thorough 
aearch and couldn't find any thing that belonged to the bridge. That ia all thn aearoh I 
have made about it. 

Q. Did you underland that any inquiry for this strain sheet and working plan, were 
made of Mr. Stonel 
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A. I didn't hear auy tLing of the kind being made. 

Q. Did any one propoie to inqnlro of him T 

A. No, sir ; if 1 remember right, when I left Mr. Stone's employment I was told to 
hand the plana over to Mr. Collins and the work over to Ur. Congdon. I am not aur- 
prised that these working plana were not found; beoanae ^e Bet no store by them, when 
'lie work ia done, it ia not expected that any thing will come up that will require them. 

Q. Did you leara, in yonr visit to Cleveland, any other material facts ia regard to the 
conatruction of this bridgel 

A. No, air. 

Q. When did yon return froDi Cleveland f 

A. This morning. 

Q. Did you vieit the wreck of the bridge immediately aft«r you retured from CIotb- 
landT 

A. Yes, air. 

Q. Did yon give it a thorongh examination, aa mat^h as yon could in the time yon have 
hadT 

A. Yea, air. 

Q, Did yoD examine, Mr. Tomlinson, as regards to the bearinga of theae main bnKea 
and the counter braces upon the angle blocks, to know whether they were in place ; can 
yon tell I 

A. On the aoath trass, I think I can And but one or two angle blocks ; examined all 
that I saw, belonged to the north side, except one or two, on one of the angle blocks 
eepecially, there waa evidence that one of the braces was fully three inches out of place 
when it waa last panted ; this is on the north truss. 

Q. How about the angle blocks that you found belonging, as you believed, to the south 
tcussT Did you Bod Indications that the braces were ont of placel 

A. Slightly [ BO much so, that the lower flange ol one or two braces were completely 
off of the angle block. 

Q, In the modification of the bridge and change of the position of the main braces 
from horizontal to vertical, did it require a larger surface to the angle blocks to reoeire 
the head and foot of the mun braces t 

A. The same uombbr and size ; the braces would only require the same surface; but 
if the number was increased, then it would require additional surface for these extra 

Q. The faces of the angle blocks on this bridge were originally intended to receive I 
beama, six inch web and four and a half inch Hauge, lying horizontally ; now, by tam~ 
ing those bolts and aettiug the web vertical and the flange horizontally, would there be 
breadth enough on the face of the angle block to receive tbeui ! 

A. There was width enough on the inclined aurfacc of the angle blocks for the six 
inch braces in place, but any where they interfered with the bolte. 

Q, Did you notice what- measures were taken to remedy the deficiency, where the 
bolts were inteifeted witht 

A. Yes ; a number of the flanges of the braces had been cut away. 

Q. How many of these braces had been cut or chipped, more or less, in order to 
accommodate the bolts I 

A. I conldo't tell ; but I should think about two In five. 

Q. What eflect would this chipping away have upon the sustaining power in thos« 
bracesT 

A. Cutting away a comer, slightly, I don't think It would have very great amount, 
any dangerous effect ; but when the flanges are out away on one side so as to leave only 
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tbe neb and the flange on the opposite aide, it wodM Tender the bracea less stiff; it 
wonid very much impair ita strengtb. 

Q. I think you Hpoke in jour flnit eiaminatioD, yon mentioned that npon the face of 
these an)(le blocks, there were lugs cast, into which the heads and foot of the braces 
weie introduced to keep them in poeition. Waa Dheie anything oa the angle blocks in 
the modified structure tti take the place of these Ings, ot, what became of them I 

A. The most of theni appeared to have been chipped off. 

Q. Was there any thing to prevent the head or foot In these braces fiom getting out 
of placet 

A. The greater part of the braces seemed to have no provision made for holding them 

Q. Did you notice auj of these angle blocks where the biices seemed to have changed 
&om their true position, and were sustaioed merely on the angle blocks t 

A. Yea, sir ; one angle block showed the braces on one side three inches out of posi- 
tioD, and the other as if it was iu its true position, and the intermediates in like pro- 
portion. 

Q. How are yon able to tell that this change of position has taken place T 

A. The position of each brace is furlj shown in the angle block by the absence of 
paint, where the brace stood. 

Q. This wo'ild show, would it not, that the brace was.ont of position when laat 
ptuut«df 

A. Yes, sir. 

Q. What proportioa of these braces would jon think were cut of position, more oi 
least 

A. I didn't take the nnmber; there are certainly evidences of those braces being 
seriously out of place. 

Q. Did you examine the top block of the end braces on the west endt 

A. Yes. 

Q, How did you find that as indicating that the braces were out of placet 

A. 1 can't expeciallj say ; it didn't come so mnch under tay notice ae those that weM 
in the middle of the bridge, and the one at the other end. 

Q. Did you examine other portions of the bridge there, and will you please state what 
portioDS of the bridge yon did examine t 

A. I examined ever; part, that in, inside, aa minutely ae I could for the short time I 
have had there. 

Q. Will you please state to the Jury, if you have made any ohservations there, which, 
in yonr Judgment, were defective in the construction of the bridge! 

A. The braces ought to have been so connected together, and adapted to the angle- 
blocks, that they could not get out of position, either at the top or bottom. These make 
serious defects, that we can see now. There aie other defects which I know of, which 
don't now show. 

<i. You spoke in your former evidence of bearing that the braces, with a small sec 
tion lutended for the centre panel of the truss, were used In the ends; did jou find any 
evidence to-day that satisfied yuor own mind whether that was tme or not? 

A. I think nearly all the end braces have been moved from position, but there aM 
■everal braces of the smaller sections that ore out away very mat«rially, as if they had 
been made to fit against the largest bolts. 

Q. Would that be evidence, to yonr mind, that they were used in the end panels, 
where the largest nnmber of braces were reqnired and the largest bolts were used t 
10 A D 
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A. Yea ; because T wonldn't snppose that thej woold ont away any more metnl tban 
waa abeolntely necessary. 

Q. Did yoa And any evideace, satisfactory to yoarself, that the large bracas, with 
inch web, which were inteDded by yoo formnin braces, had bees used aacoanter braces t 

A. There are not sufficient braces in place t« enable me to answer that question satis- 
foctorily, bat there were eome braces near the centre of the bridge that have thick web, 
not quite an inch thick thongh. 

Q. Prom what yoa did observe there, yon conolnded, did yon, that the braces with 
thick webs were nned in the centre of the bridge, and those lighter sections at the ead 
panels of the truss f 

A. I can only say that some of the braces which are uow near the middle of the 
bridge have a thick web. 

Q. Would this displacement at the head and foot of the braces, both tbe main and 
coanter, have been likely t<i attract the attention of the bridge inspeotorl 

A. I think it would be the lirst thing he would look for. - 

Q. What wonid you think of an inspector of a, bridge who should fail, for any leugtfa 
of time, in making on inspection of tbe bridge, to notice the foot of these displacements t 

A. A ^rson who waa in the habit of reasoning and thinking about strains on a stmc- 
tnie, would evidently look at thoeepoiuts the first thing; I ahonld think his obaerving 
fitcilities were not very good if he didn't see them. 

<j. By Mr. Perry. I would like to have you state, if you can, where and how the T 
rails, forming struts between the two lower chords, were placed — at what point in the 
panel, I mean. 

A. The plan shows how they were intended to be placed, and there is evidence that 
they were in place, where they were intended, when the chords were tuken ont of the 
water. You con have the proof, in many places, which can not be seen n}w, that tbe 
stmts were in place gainst those angle-blocks which have a rest on tbe end side for the 
lateral bracing. 

Q. Can yon tell, from yonr examination this morning, where they were placed T 

A. Ko; bnt the wroaght-iron washer and the iiiatset of bolts don't project on the in- 
side to receive the strut. 

Q. From this do you think that they were not placed as they were Intended to be T 

A. That is my belief. 

Q. Were the floor-beams of tbe bridge intended for struts t 

A. They formed the stmts to the top chords. 

Q. In what manner t 

A. They had pieces riveted to them that fit between and against the elges of the 
beams of tbe top chord ; I think some were between and some against the edges. 

Q. Were these pieces intended to go entirely inside of the top chord, or between the 
members of the chord, by the plan which you drew T 

A. Between the members of the chord. 

<J. Did you see, in yon^ examination this morning, any of tbe floor-beams which bad 
these pieces coming between tbe members of tbe top chordT 

A. I couldn't see ; tliei« was only one beam which I woald have tbongbt went inside 
of the ohord. 

il. By Mr. Pettibone. Is it in tbe intention and design and canstmction of th«Bow« 
truss bridge, either in wood or iron, that each and every part of its component porta 
ebonld bear its proportional share, above the dead weight of the bridge, of tbe wei^t 
which might be placed upon Itf 
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A. Certainly. 

Q. Now, ythat woulA be the effeet upon a bridge, constct)ot«d npon the Howe troM 
plan, wlierein Its coDstmclion and displacement in its priocipal chord, whereby they 
didn't get their trae beariogs and their proportionate weight, originally designed, what 
would be the effect apua the other parts 1 

A. The Bdrplns weight wonid be transferred to other members. 

Q. What would be the effect npon those other members, where the sorplns wei^t 
was carried or conveyed, in relation to their ability to Bnstain this additional weight T 

A. If they were not iiufficiently strong they wonld give way. 

Q. If, in youi examination of the wreck of the bridge, you fonod a dlaplacement of 
any of the component ports of the bridge intended to bear oomprssuon, or displacemnnt 
of any of the members coniposiug these component parts, was it, in your judgment, 
enfficient to endanger tlie safety of the bridge t 

A. Yes ; if one set of braces gave way it was the deetmotion of that tmes. 

Q. By Mr. Morrison. What provision was made in the origiual plan of the bridgv 
for preventing lateral motion, or swaying of the lower chords of the bridge T 

A. There was a system of lateral bracing, tiiat commenced at the end of the bridge. 
The first pair of braces extended one panel, crowting each other in the centn) paneL The 
iut«rmediBte lateral bracing extended two panels. The diagonal members of the lateral 
bracing were tension members. 

Q. What was the size of tJiose rods I 

A. I didn't measure them to-dfty, bnt it is in my mind tbey were two and one-half b; 
one-half inch Sat bar. 

Q. Wis there a torn buckle in them t 

A. I think not. My own impression is that it was the intention to force the stmts la 
very tight, so as t« bring them up to tight bearing, driving the struts in sidewise. They 
bad enlarged ends, that fitted in the recess in the under side of the angle blocks, and 
the angle blocks resting upon the lower chord kept them in place. 

Q. In what manner was that enlarged end put into the angle blocks — in the form of 
' ft dovetail, or in a sort of a hanging hook t 

A. It waa foimed by doubling over the end bar so as to give about one-half inch to 
hook the width of the bar. 

Q. And there was a recess in the angle block into which that hooked I 

A. Yes. 

Q. Was there any other provision made fur tightening these diagonal tension rods 
except the one named T 

A. I think not. 

Q. Was this all the provision made for preventing the lateral ewayii^ of ttie bridge 
In this lower chord 5 

A. Yes. It would be assisted by the vertical tie braces that sxtended from the upper 
ohord to the lower. The one would assist the other. 

Q. Ill farming the upper chord of this bridge was there the same seotion of iton used 
in there to the whole length I 

A. It was not the intentkm. The heavier bars weie intended for the centre com- 
pression members. 

Q. ■ Did yon notice the npper chords— yon were there to-day — to see whether the cen- 
tral portion of those chords was composed of heavier bars than the ends t 

A. Yes. They are. 

Q. Is not the compression strain on the middle upper ohord t 
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A. Yes. 

Q. Doewrt th&t require a much Urf^r calcDl&tloii of material than at the eoda t 

A. Ye*. 

Q. The Uip chord of this bridge restiDg, as it did, upon the angle biooks, would be 
anbject to a transverse strain in bearing a load upon the briilge I 

A. The tranHverse strain ngraa those top chords, in mj opinion, wonid very likely 
affect the stiength.of them, because they are a continnoaB beam, and slij^tly bendiiiK 
upward. 

Q. There are, as I nuderatand it, two ways of nslng the Howe truss, one by nslng 
them OS a deck bridge, and the other as a throngh bridge — the load in one case being 
Qpon the npper ohord, the other upon die lower I 

A. Yes. 

Q. Which of the two is preferable, so far as aecnriog strength T 

A. The deck. The reason for this Is, that the load ia nit on the top, and doesn't bave 
to be carried op, so it makes a panel difference in the length of the bridge. 

<J. Is there not a greater tendency to lateral motion in a deck than in a through 
bridge T 

A. 1 never thought there coald be much difference, hikving never seen any thing to 
make me think there could be mnch difference. If there is any, I think 'a deck bridge 
wonid have the advantage, because the vertical diagonal bracing wonld hold the trusses 
TorticaL " 

Q. Upon what do yon depend upon your vertical diagonal bracing to keep the npper 
shords steady iu this bridge, in particuIarT 

A. When the diagonal rods ace screwed ap. It would bring the strains on both the 
upper aod lower chords, against the struts that extend from one side to the other, Dom- 
pelling both truues to retain a vertical posltisn. 

Q. In what manner wei« those vertical tie braces connected at the ends, witli the 
npper and lower chords I 

A. They were both connected In the same manner by hooks, with square fitted 

into the ends of the angle bloclcs, and held in place by short acrews. The manner in 
which they nere fastened was sofflcient to bear any strain that conld be brought upon 
them by the inning bnckles. 

Q. How often were those vertical tie braces put in I 

A. At every other panel, commencing at the end panel. 

Q. By Mr. Pettibone : I drsire you to stale to the jnry, and embody it in one answer 
if possible. What displacement of the different component parts of that bridge have 
yoD observed, woald in your judgment, endanger the nnfety of the bridge t 

A. Every diaplaoement as far as it goes, is a detriment, and ought not nnder any cir- 
cnmstances, be allowed to take place. 

' Q. In relation (o these defacements of the beams, or chipping off of part of the beams, 
wbat would be the effect! 

A. If the beams had been kept in place, eo that the bearings were fair on thfeir ends, 
a chipping off of the comers of the fianges would have been no serious detriment, bat 
Vhen they got out of place, then it become a serious detriment. > 

Q. By Mr. Morrison : Were you in the employment of Mr. Stone before any thing was 
said to you abont drawing the plan of this bridge? 

A. No, sir. 

Q. Did he send for yon especially to draw this plan, and snperintend the erecting of 
the bridge f 
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A. I prMDDie so. I don't know. 

Q. Was tbia the only employment that jon ever had from Hr. Stone f 

A. Years ago I naa witb liim a short time — about 1647, 1 think, but did n't see mnob 

Q. Did he send for you at the time ^rheii ho projected the bntlding of this bridge T 

A. Yea. He telegraphed me at FredingtOD, but hon he came to do so, I do n't re- 
member. I know I received a telegram from him and a letter ; it wae in answer to this 
tele^rrBm that I came to Cleveland. 

Q. Did Mr. Stone, at yonr first interview, inform yon for what pnrpose be had sent 
for you 1 

A. Yes, BJr. So far aa my memory serves, this bridge was tti6 only thing that came 
up at onr flrat interview. 

Q. Did he tell yon for what purpose he had sent for yon t 

A. I conld n't tell especially ; bnt this bridge was the only thing before na for some 
length of time afler 1 did come. 

Q. I nnderstood yon to say that yon were not ftvorable to the nse of the Howe trass 
bridge for long spans T 

A. Yea, air. 

Q. Did yon express yonr objection to the Howe truss bridge at that time for a bridge 
of this span f 

A. I do n't think I did. 

Q. How long after yon first saw him before yon commenced the plan and drawing for 
the bridge. 

A. I suppose light away. There was nothing else for me to do at flrat. I suppose I 
commenced the day I came into the office, Iboogh 1 can't remember positively. 

Q. Having aerioua objictiona to tlio Howe trnss bridge of this length, how came it 
abont that yon did ti't sf ate those objections to Mr. Stone T 

A. Well, I enppoae wlien I Qrat camo to Mr. Stone'a I looked upon him as a higher 
anthority in bridge matters than myself. 

Q. Then Mr. Stone told you just what he wanted done, and how to do it, and yoo 
merely drew this plan at bis dictation, and In such manner as he directed T 

A. Generally, that would be correct ; because in carrying out the detail of the plan, 
there wonid be, of course, supgeations and consultations between us. 

Q. In thoae convei;t"ationB ilid you ever suggest to Mr. Stone that the Howe trnss was 
not the heat form of bridge of this span t 

A. I think not. 

Q, Were you not consulted at all in regard to the plan 1 

A. No, not in regard to the plan. 

Q. You did, then, jnat what Mr. Stone told yon to do, without comment or snggeat ion T 

A. No ; I would n't say ao altogelber. I tried to make a great many anggeetione; and 
I would state here that 1 don't consider that the Howe tmas can't bemadeagood bridge, 
but only it would be ao mnch heavier than any other, and, secondly, more expensive. 

Q. Are we to understand from that that the Howe truKS bridge, wrought Iron, is a 
more eipcDsive bridge than wrought Iron in every other fcrm than a Howe tmaal 

A. Yes, sir; the saving in material by some other fonn wonZd be in itself a great 

Q. A saving of expense in the erection of this bridge wae not then a matter of con- 
sideration T 
A. I think not. I think it was Hr. Stone'a intention to make a flrst-claas bridge. 
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Q. Did yon tbiok at th« time that hie intentiotifl, as stated by you, were being carried 
ODt in the buildlDg of tbia bridge t ' 

A. I don't conaider that tbey were carried out in a perfect manner by any mcana. 

Q. Yon give ns to nnderstand there nag no lack of expeaditnre or any thing to eeenra 
a good bridge t 

A. I think that generally wonld be correct. 

Q. Can yon tell na now why, in your jadgment, a good bridge was not aecnred T 

A. The first defect that I would romnmber was the beams for the coraprCBaive mem 
bers not holding thei« fall section, and also there being defective rolling. I never 
thonght at that time, or since, there wits aiiy other defect in the bridge except in those 
eompresaive members. In examining the bridge now, I find there are defects, snch as 
not having the braces held securer in place againnt the angle blocks, these and the end 
of the braces not being properly secured together and longer length, are what I hold to 
be the principal defects in the bridge. 

Q. You say there were defects in the rolling of the Iron ; where was this iron rolled t 

A. At Newberg. 

Q. Was it a part of the business of the Tfewberg milts to roll " I" beams, and were 
they prepared to roll tbem t 

A. They had rolled six inch lieams, but I don't think they made it a business of roll- 
ing beams; there were not many mills in the conn try at that time that did, because 
there were not the beams for them ; that's iMwn since. 

Q. Do yon know of their having rolled any 1 brants at that milt, since that time T 

A. No; I have not been acquainted with the mill since then. I alwaj's consideied 
that Mr. Junes, the foreman of the mill, nnderstood his business well. 

Q. If this was a good mill, and the foreman understood bia business, and they were 
skilled in rolling I beams, how do yon account for the defects which ;oa hare men- 
tioned! 

A. That the mills were not adapted for rolling Iwams of the Inrgfst section, 

Q. Do we nnderstand from that, that their machinery fur the performance of the work 
waa not adapted — T 

A. For the larger beams; that is what I understood at the time. Ton will olMerve on 
the work that the small beams are more perfectly rolled than the large ones. 

Q. Do you know who were the owners of this Newberg mill at the time f 

A. Stone, Chisholm & Jones, I think were the lirm. 

Q. Was the Mr. Stone of that firm a relative or connection of Mr. Amasa Stone, or 
the same individnalf 

A. I think it was his brother, A. B. Stoue, that was in the business. 

Q. By Mr. Hall: I think yon stated that in your design for the bridge, tbeexpaiision 
rods varied in size, l>eginning at the abutment, and growing smaller at I he centert 

A. That is correct. 

Q. In yonr examination of the wreck, did you ascertain whether or not those rods 
were placed as intended T 

A. No, sir; 1 didii't measure them mys<»if ; I only took it for granted (hat they were 
not, by the measnrement^of other persons who were present. I think it is hard to teU 
positively about that, until they take tip more of the lower chords. 

Q. Yon would not, then, be able to state at this time whether they were correctly 
placed, or notf 

A. No, sir. 

Q. I understand that what is meant by the factor of safety, ia the ratio which th« 
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brvftkiuK weight, of the material bears to the load the bridge ia intended to carry. Am 
I right ill thatt 

A. YcH, sir. 

Q. What was that factor or ratio in this bridge, aa designed bf yon, nnder the direc- 
tions of Mr. 6toDe T 

A. It i« generally preaumed that the breaking weight of wrought iron in tenHiou is 
twenty tons to the aqnaie inch ; in this case it waa loaded with only four tona on the 
square inch, which made it a factor of safety of five, one-fiftb of the breaking weight ; 
asetiming that the compresfiive strain of wrought Iron waa four tona on the square inch, 
it would be very much below the crushing etraina of iron ; the section of iron has to be 
very materially increased when the member in compression baa great length. 

Q. You designed this bridge, then, so that tlie calcnlatiou showed that it would bear 
a load of five heama of what yon eipected it to carry ; waa that correct I 

A. That was correct in the tension members, but It waa not correct in the long com- 
preasive members. 

Q. Huw waa it in the long compression members, as to the ratio of safety I 

A. I can't answer that question positively, because it ia a matter of calculation. 

Q, Wore your conipression members according to the standard rules of professional 
engineering, at that time required T ■ 

A. Pour tona on the square inch in compression, was a safe starting point, if the col- 
umns bad been proportional to meet that elrain ; and the four tons to the square inch in 
compression would have been safe, if the section had been in proportion to the length, 
according to the formula of that day. 

Q. Taking into consideration the length and position of the compressive members, as 
designed in that bridge, was the calculation of the compressive members less than the 
standard rule, or formula, at that time, and if so, about how much less, as near as yon 
can tell T 

A. They were much less tian any engineer would adopt, if he kept each separata 
brace as a principal column. If they had been thoroughly united together, then tbeseo- 
tiunaof the bridge, as calculated on the plan, were snfflcient — that ia, allowing four tons 
on I he square inch. 

Q. In your design, waa there provision made for so uniting them I 

A. No, sir. 

Q. Why nott 

A. As near as I can remember, the design in my mind for uniting them come np in 
mind afterwards, because I hod not as good sections aa it waa designed to use in tb« 
braces. This was due to the defects in the roiling, in the width, and everything of that 
kind ; but I don't think that haa been the cause of this disaster, I would have uaed the 
iron in a different shape. The same section of iron, in a different shape, would have 
made a wonderful difference. 

Q. From what you know of the bridge, from your connection with the designing of 
it, and from your examination of the wreck since the disaster, are yon able to form an 
opinion as to the bridge falllngT 

A. I certainly have an opinion, but then the opinion has varied with me as I Lave got 
more and more information about it eince I came here. But they are only opiniona, and 
are nothing positive. I auppoEe everybody forma an opinion. 

Q. PIcaae stale your opinion. 

A, In talking with others, and thinking up the matter after I left here, the conviction 
was very strong upon my mind that the disaster was caused by some one of the aets a 
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the main braoex, near the east end, having got ont of place, which allowed the structure 
to fall suiIJonly ; and if that was the cause, that the eud braces »t the east corner would 
liave allppod off of the angle blocks aud struck hard against the maaonT;, so as to leave 
tm impreBsion. To-day I went up aud examiaed the masonry at al! the camera, and at 
the sontli corner of the east abutment I found it hnd been struck b; t>e braces, which 
,oonfirui8 my opinion that the disaster was cansad by one of the set of main braces get- 
ting displaced. That would throw every thing els* oot of place in an instant. 

Q. If lags had been cast upon the angle blocka, fittiog the ends of the braces, as they 
were oiigiually deslgDed to fit, wonld it have prevented, or not, the displacement of the 
braces t 

A. Lngs on the angle blocks, fitting against the braces, would unquestionably have 
kept the bracoa in plane. They could not have got ont, unless the brace bolts had been 
ilaokeil ofil 

Q. By Mr. 8hcrmsn: Before Mr, Stone applied to you to oonstmct this bridge, ha 
waa aware that yon were an eitensive bridge builder, an architect in that department of 
bnsinees. was he uotf 

A. I couldn't answer for him about that. I dou't thtuk that he thought I was tbtj 

Q. Did he apply to yon by letter, or telegramf 

A. I think both, sir. 

Q. When he wrote to you, did he write to you for what pnrpoee that he desired your 



A. 1 oonldnt aay, certain, whether 1 know what he required of me before I arrived, 
or not; but I knew that it was about some bridge that he had to build. 

Q. When you arrived in Cleveland, what work did he say he wante<l yon to do t 

A. I think the first thing tliat was said to me was that ho wanted me to plan this 
Ashtabula bridge. 

<J. Did he direct yon to plan Itt 

A. -Yes, «r. 

Q. Did be direct yon to employ your own skill and knowledge in planning itf 

A. I can't say that he did, especially, except that it might be skill as a dratWaan. 

Q. Who designed the bridge, you or Mr. Stone t 

A. That wonld require some explanation. I looked upon the design of the bridge as 
being a Howe bridge, and the planning of it out in detail is a mechanical operation. I 
employed draughtsmen all the time in carrying out my own plans. 

Q. Who made the design or drawing of this bridge t 

A. I did. 

Q. Who designed the proportlotis of the bridgeT 

A. Mr. Stone. 

Q. Do yon any that Mr. Stone had any thing to do nilh the planning and proportion- 
ing of that bridge t 

A. Tcs, air. 

Q. Da you mean to say that the design and proportioii of tliat bridge waa made by 
Ur. Stone alone t 

A. Mr. Stone gave me positive instructions to put four tons to the square inch t^-n- 
non and four t^ns to the square inch compression, and that gave the pro]iortion of the 

Q. Mr. St4ine, then, directed you to deugn a bridge where the compression should be 
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fonr tons upan the sqnare inob and where the tension ehoald be four tone to the sqiure 

A. Yea, air. 

Q. And yon designed this bridge to cftrry ont that proportion t 

A. Yes, sir. 

Q. And in tliat did you toll him that you had got a factor of safety of five t 

A. No. There was no factor of safety talked of at that time. 

Q. Well, what did you say to him, if anything, aa to the factor of safety on tliat 
planf 

A. In ansn-er to this you are aware it it a long time since the coDversation took 
place. I don't think there was any question that came up at all. The rolled beams 
were delivered, and when I complained about the rolled beams then commenced the 
trouble between me and Mr. Stone. He wouldn't reason about them or hear aboat 

Q. Is that all the answer that yon desire to give to the qnestion T 

A. Yes. If that is not satisfactory ask me another question. That is all I think I 

Q. What did yon say to Mr. Stone in regard to those railroad beams T 

A. I had finished making a fall sized aeotion of the beams that they intended to fni- 
nish, and when thoy were delivered thoy woulii Dot hold to the full patterns. Then I 
represented to him that was the case. What was said it is imposeible for me to say now, 
but 1 koow this, that he never would allow new rails to be furnished in the place of 
those that were defective. It is impossible for me to remember the words of the conver- 
sation that took place eleven years ago. I can only remember the general impression. 

Q. Can yon remember any thing that he said to yon upon yonr complwning that the 
sections were not such as yuu required T 

A. I wouldn't be able to remember any thing of the oonversation, but I am positive 
that he knew that they were defective at the time, and that I was told to mind my own 
bnslness, or to do as I was told, or something to that effect. 

Q. Do yon mean to say that you requested Mr. Stone to furnish new sections of dit- 
ferent sizes, and that he refused todosoT I would like t4> have you answer that qnea- 
tion directly. 

A. It was not my bnsiness to request any thing of Mr. Stone. It was only to tell 
him what was the case. I could only repiesent the things as they were. 

Q. Did you see Mr. .Tones, who was the foreman of the shop where these beams were 
rolled! Did you have any conversation with himT 

A. I presume I had, because I had interviews with bim on two or three occasions, 
and became acquainted with him. 

Q. Were you there at the time when these beams were rolled, or any portion of them t 

A. I am not aware that I was ; but I was there after soma of them were rolled, hut I 
am not aware that I ever saw any of them rolled. 

Q. Did yon make any complaints to Mr. Jones, or any of the members of the firm, 
that tbcse beams were insufflcient or defective or would not answer their place in the 
bridge? 

A. No, I don't know that I ever did ; beoanse, I dont think that either of them or I 
would have had any thing to have acted upon, except it was through Mr. Stone's au- 
thority. 

Q. How often did you see Mr. CoIIIdb, the chief engin«er of the road, during the time 
of the construction of the bridge T 
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Jl. Almost eveiy time he was Ia the office when I vas at the office. 

Q. Did ;oa make any comptaiuts to Mr. Collina, or aoy other officer of the company, 
that Mr. ColliOB was furoishiog you with l>eains that were defective or insufficient for 
that bridge t 

k. I tiavG no (lunbt it was talked about in Mr. Colliua's presence ; that Mr. CoIUdb bad 
nothing to do with it. 

Q. Do you now aireat, that you intimated any thing of the kind to Mr. Collins, at 
any time before this disaster T 

A. I have no doubt that Mr. Colltiia know that I won very decided that the materials 
that were going to be used in those braces were iDSuScleut; lamsurethat Ispokeabont 
it frequently in the office. 

Q. Yon mean, then, to l>e enderstood that from iuformatinu derived ftom joa, Mr. 
Collins knew that the material oi constcnotiun of those beanie were insufficient for that 

A. Mr. Collins kuew-that they were defective — that is my belief. 
Q. Do yoa think that Hr. Collins, knowing that there were defective compres^ve 
members in that bridgo, would have permitted it to have been used for the traffic of the 

A. I don't know what Mr. Colliiis'a miud may have been about it, bnt I know this 
muofa,-that Mr. Collins was not going to interfere with Mr. Slone ; if it had been bis 
bUEiDees, then it would have been different, but he had no business wiih it; uovot al- 
lowed to interfere with the works in any shape or foinuj and I think when Mr. Stone 
took a large thing of that kind he would trust to Mr. Stone's Judgment. 

Q. Even if he knew he was baildiug a man-trap T 

A. It isn't exactly fair to say that it was a man-trap ; a thing may be very defective 
and yet there are means of making it secure. 

Q. Do yon say that Mr. Stone, in the construction of that bridge, did not rely upon 
your skill and experience in bridge-making alone for its safety I 

A. He certainly didn't. If he had he would have heard what I had to say. 

Q. Have you had any oorrespon deuce with Mr. Stone since you left that work, and 
since the oouatruution of the bridge, in relation tn it T 

A. Not a word. 

Q. Did you state to any of the officers of the road other than what yon stated to Mr, 
Collins, that would be an unsafe bridge if it was completed, or so Intimate to any person T 

A. Ko; I don't think I did. 

Q. When Mr. Stooe consulted with you in regard to the construction of the bridge 
on your first arrival in Cleveland, did he then state to yon that he desired to build a 
bridge — first-class — for safety, without regard to expense T 

A. I don't remember any such conversation ; bnt still I have no donbt he did, and 
moreover I have uo doubt that he thought it was so. 

Q. Did yon think, when you made the drawing for the britlgo, that the main braces, 
as they appeared in your drawing, and the manner of their being coupled together, 
would be snfflcient for the purpose t 

A. I considered that the sections of four tons to the square inch of compression in 
those braces was safe, as far ns carrying the load was concerned. Rnt I didn't consider 
there was any thing like the strength in them that there was in other parts of the strnc- 

Q. Did you consider them sofflcient foi safety t 
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Q. Id your drowiu^ there ia no proviigtuu of iitTSUgtb, other than b} (he conplingr 

thai isi)uiiitetl nut ou tliut drawiagt 

A. Yes; that is bo. 

Q. And at tko time jou mode that drikwhiK yuii a.ho made atrain sheets and famietied 
it to Mr. Stoiie, in which you rupreaeutod to hiru that the bridge waa »afa, and that then 
nas a factor of Hafet; of about iiro I 

A. No. I mide a strain ahvet that showed the sectioD. No, tiir; that Bhuwed four 
touH to the Bquaro inch iu teuBiou, aud four toiia to the squai'u iuch iu coiupresaion, an I 
wan told, had. 

Q. And did fon thiuk that was ea&i and secure— a eafe bridge T 

A. It woold, in my opinion, been a safe bridge, but not proportioned properly, so 
at to have been as strong as it might have boeii made, by proportioning it differently. 

Q. Did I understand that the tenaion meuibers of the bridge, in your Judgment, 
werefnIlyanfBeientt 

Q. And that the only coinpresaioti menibeis of the bridge, you think, that were defec- 
tive or insufBcieut wem the aet of brac«8 at the end of the bridge f 

A. The top ehorda of the bridge were insufficient in tlieir nieiubcra, in so far as they 
were defective in the width of their web». 

Q. Did you make any coinpUiint at the time to Mr. Stone of tlie conatmction of the 
bridge, that there waaaiiy iusiitBcieiit members of the top chord f 

A. Certainly 1 did. There is no question about it. He kiien it lu well as 1 did. 

Q. It isn't your opinion, however, that the bridge fell from any iusufBoieucy of these 



Q. Did you say Mr. To:iilin8ou that when tliu set of braces at the ends, were strength- 
ened by adding two inoie in the third panel and oueinesch of the others, that the bridge 
would be reiulered sulBoiently strong in that respect T 

A. I believe 1 have said so bccuuee the additional lieams would make them about 
equal, and what was intended in the tirat place. 

Q. How many angle block on the south truss did you examine, to ascertain whether 
the braces bore upon as they onglit to have dont't 

A. There are ouly— I thiuk only tliree inside, and they don't show of displacement iu 
the braces that those do that are ou the other side. 

Q. Huw much displacement did yon discover in tbuso angle blocks or braoee, on tha 
south side r 

A. SufQuicnt <1iap1ncemont for the whole width of the flange Ui be ulf from the angle 
blocks, which would bo probably about three-quarters of an inch. 

Q. How much would that weaken the membersot bTacea that wore thus displaced, in 
your judgment t 

A. It wouldn't seiiuusly weaken it. 

Q, Do f ou know whether there was any displacement of the brace in the first panel 
of the bridge at the east end. 

A. That is the one that ia } of an inch displacement ; I believe it has that displaoe- 

Q. Are yon able to determine that that was the augle block at the east end, trom Uie 
examination which yon have made 1 
A. I wouldn't like to awear to it, but I believe it to be so. I had hoped to go down 



Digitized byGoOgIC 



186 

this RTlernoon and make an exBmiDation and take measnremenbi ; my view this momiiig 
WB8 very Lasty, aud the tiniben Ihat had fallen down, prevented me fhim making a close 
obBeiratinn, as I wiahed to have done. 

Q. Could you determine, if yon nniild make a critical examination, aa to where this 
block was, whether in the east end or not T 

A. Tea, sir, if it is the same as it was tbie artemnon. 

Q. The lateral and the vertical brnci&g was all correct ; all right as far as you were 
abletoeiamiuet 

A. The vertical braces, I have no doubt, were in their proper places ; eo also was the 
lateral tie bTaces ; bat the struts were not at the fuot of the vertical braces, and at the 
meeting of the horizontal tie braces, so I believe there is every evidence of it. 

Q. The reason that you are able to determine that tbe braces were displaced waa, from 
the paint, or absence of paint. 

A. Tbe absence of paint showed where the braces had been when last painted ; most 
of them. 

Q. Con Id you tell as t« whether last painted, or the flret time, when they were painted ; 
■whether there had been any movement or displacement of the braces since tbe bridfiO 
was painted the tlrst time F 

A. I can't tell how they were when it was painted the lirst time, but I should consider 
that there is positive proof that they were out of place when they were last painted 
I might say, seriously oat of place. 

Q. Is there any circumstance about this place, of the blocks or braces, that enables 
yon to swear positively t 

A. That they have ever moved since tlie bridge was first erected — I can't certainly 
swear how they placed tbe bracee when tbe bridge was first erected. But it is impossi- 
ble to believe that any one should erect a bridge with braces with such imperfect bear- 
ings against tbe angle blocks. 

Q. Suppose that bridge, when It was completed for business, was at the tine tested 
by six iDcomotives rolling over it at the tame time, and every thing stood firm, withont 
any nuusual deflection one way or the other of the bridge, what would you say as to 
what it was, in your opinion — whether it was a safe bridge or not T 

A. As far as the deficiency in section was concerned, with defective iron, it might 
have been a secure bridge, and yet be eo defective in detail that it would be only a mat- 
ter of time when the braces would be so much out of place as to let tbe structure fall. 

Q. Under that test, if the compressive members of the bridge were inentScieut in 
sections, would yon not expect to find some evidence of itt 

A. Members of the strucjuro may be very deficient in the qnality of the material 
and the size of the sections, and yet carry, without any apparent yielding, cars loaded in 
a large traffic 

Q. Would not the test that I have suggested be a fair one for the bridge T 

A. Should be fair, ofconrse, on those compressive members. 

Q. And when such a bridge, after that teat, has stood and borne the traffic for a 
period of eleven years, without giving any evidence of failure, does it not fbmish strong 
evidence as to strength and safely of the bridge in its construction I 

A. It undoubtedly furnishes evidence that the I>ridge has sufflcicnt strength to bear 
tbe wear and tear that It has bad, but doesn't furnish that evidence thnt the long com- 
prossive members were equal to the strong tenuon of the members of the bridge. 

Q. Do yon know any thing as to the quality of iron that you used in this bridge I 

A. I always believed, aud still believe, that tbe material that was in the brace bolts 
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and the bottom cfaorils were very good, nnd ao, also, waa tbe workmanship ; and anybody 
can look at the beams, that the; ne not what they ought to be. 

<J. Do yon mean iu the quality of the iron, or in their maiioracture 1 

A. The quality of the iron, of oburae, I oan't apnak of; but it isn't in the quality of 
the iron, but it ia in the defioienoy of the flanges. They are ragged edges, with deep In- 
dentations in them, which weakened them. 

Q. Those deflcienciea can now be eeon or examined, I snpposef 

A. Yes. 

Q. If those brace beams, when the bridge waa first set np, deflected fiitm the weight 
of the bridge, and ii'hen that weight waa removed they went baok to their orieinal posi' 
tiou, would they not be fit to use in the bridge T 

A. I would consider them fit to be used — that is, if they bad not been compressed so 
as Dot to be shorter than the original length that was reqnired. I consider them fit to 
use, if of sufficient strength to prevent them from definctiug Che second time, 

Q. Tiiero would be no difficulty in a mechanic whn should put up tbe bridge to dis- 
cover any such defect, I suppose; he wonid naturally discover it, would he notT 

A. I should think he would discover it. Any one who UDilerstood tbe natnie of iron 
would naturally measure it to see if it held its length. 

Q. Did you call tbe attention of any body to examine the east abutment where yon 
think you discovered that the set of liraces which fell struck against it T 

A. There were two geotlemeD upon the bridge at the same time when we examined 
the st«tie work. One of them gave me his card with the name of Albert H. Honland, 
C. E., Boston. The name of the other I do n't know. 

Q. What was the character of those iudentatious, if yon can deecril>e them I 

A. Tbe appeatEDce would be as if some thing had struck back against the stone, and 
made a scrape upward, making a pretty deep iudentation. 

Q. Did yuu, while in Cleveland last, state to Mr. Collins, or to any of the ofBcers of 
tbe company, that the only defect tbat yoacoulddiscoTerorknewof in tbe bridge was in- 
snBicient brace membersattheendof the bridge, and if the original planig^designof tbe 
bridge had been so altered, with two more braces iitcluded in tbe original plan, and tbe 
bridge was thus put up, then yon would be satisfied ; that the bridge then was, in sub- 
stance, safe, without any defects known to you I 

A. No; 1 never stated that in full, as you state. 

ii. Wliat eliect, in yoar Judgment, would be made upon that bridge by a car or engine 
polling, after it got on the bridge, moving at 10 or lo miles per hour on such a night, 
with such temiierature as they said at the time of this disaster t 

A. If the bridge had been strong throughout its tension members, it would have little 
or DO eflect npon it. The ties were placed so near t«p^ther, and there were such good 
guide mile, tbat the wheels would run from tie to tie. Jarring the bridge, but certainly 
not injuring it. 

Q. What effect npon the iron of that bridge would the variations of the temperature 
have, if any T 

A. Tbe variations of the temperature — low temperature would shorten the bridge so 
that tbe ends that were on tbe rails would throw ofl' — so that the diOerence between 
extreme warm weather and the extreme cold would be about one and a half inches. I 
have been in the habit of calcatating tbe changes that do take place in structures on 
account of these changes, which is a matter of calculation entirely. 

Q. In a sudden shook would extreme cold weaken the bridge, in your Jndgment T 

A. Where a sudden shock eomes on cold short Iron I have no donbt it will snap maoli 
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